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T his work of Wither I'endt's was published posthumously by his 
father, the famous geographer Albrecht Penck. The latter* preface 
points out that for ten years Ills son had been earn ing on liis investiga¬ 
tion* into tile course of crustal movements, making use of the earth's 
surface forms as starting point. I n 1921 he termed this method mf/rp/toh- 
gieal analysis. A letter, written in 1922, outlined Ins plan for a projected 
work. Larger than what he actually accomplished before his early death 
in 1923 . 

Thc href chapters have the titles found in the present book—up to 
Development of Slope’ Me wrote \ development of the entire slopes 
and their dependence upon the down cutting of running water . . h I 
thought of then continuing with erosion hy running water. But that will 
not do 1 since the work of running water depends not only upon the 
water, but mure especially upon the gradient down which it flows; and 
the gradient i$ dependent upon the movement of the earths crust. If this 
riEes rapid I) , the angle of inclination is great [since the area concerned 
then nses lugjh above its surroundings); if it rises slowly, the angle uf 
inclination l* produced slowly, and remains $ light. Thus, dealing with 
crosnm, I have already come n>: he cm nil movements which were to be 
my goal; and so I nm com pel led r like nay predecessors* 10 go straight 
from the whole collection of the earth's land forms u* the cnitczd muic^ 
mcnfcf, w hen [ have not yet described the \\m in which those forms are 
to be observed. 'Hint will nut do. What is this collet!ion nf forms? What 
does unc see in mountains, in Swabia, etc. fc over the whole world? 
Surf tins, dnmdatwntil slopes, make up I he whale set of land forms. Ami 
it is w here the surfaces meet downwards in valleys, that the rivers are to 
be found. Thus what we sec is emphatically not the vertical incisions 
produced by running water, but only slopes which develop upwards, 
with a definite form, from the eroding rivers, whilst these are eroding. 
In brief: what h seen at the earthV surface it\ nne land forms due to 
erosion, but merely a relief produced solely by the development of 
slopes. Thus slope development, however, is not possible by iteclf, hut 
presupposes simultancons downcutting by rivera. The eroding river 
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treaics the vertical distance between the height and the valley bottom; 
denudation, however, creates the slope, the material surface, which 

actually unites valley buttum with high-lying part, ft thus follows that _ 

after the slope development and its dependence upon eronioD have been 
treated—the description of the land forms, i.e, of tlir relief of the earth's 
surface, must logically come next. It belongs organically to the investiga-* 
tion of the slopes, and not to that of erosion. There is no need whatever 
to know how erosion works, how it depends upon the movements of the 
earth's crust, in order tn be able to describe the manner in which slopes 
are combined into a wealth of land forms, into form associations. This is 
controlled by laws, as comes out dearly in a presentation kept free from 
any interpretation. A presentation of the land forms found on the earth 
is no easy task! It could not be accomplished were there not quire 
definite relief types occurring in quite definite areas of the earth. I have 
now just finished the treatment of those types which are characteristic 

fp| the monotonous continental regions—such as Africa, Australia, etc, _ 

and furthermore of the regions of uplift within those areas (e.g. the type 
of the German Highlands, with the Scurplands; this type is repeated all 
over the earth in zones of analogous structure). 1 am about to contrast 
these phenomena with what is to be seen in the mountain belts [these 
are the zones of mountain chains which border the Mediterranean Sea 
continuing across south and central Asia to the Pacific Ocean, and the 
analogous belt that surrounds the Pacific Ocean , . .), In this wav I shall 
come to erosion, anil after that to crustal movements. Tt will then he 
relatively ensv and simple, since there is a logical connection: the relief 
type described, X. signifies a certain thing as regards crustal movement; 
that i* in say, only on a crustal unit of the earth which moves in ihis 
quite definite way can that relief type X come into existence. This, 
therefore, indicates to inc what course the crustal movements take. I en¬ 
visage it in this fashion, and 1 think of fitting in detailed treatment of 
definite regions, e.g, the Black Forest— Alb— Alps— certain charac¬ 
ters! ic forms of Central Asia, of the Andes, etc. This would serve not 
only as an illustration of bow to apply the whole method and the results 
that can fit obtained from it, hut also tn present a picture of the types 
of crustal movement and their distribution over the earth, In this cul- 
miRating chapter, wide and surprising vistas will appear leading towards 
the utusts of crustal movement. It is to this fundamental problem of 

gcnlogy that 1 intend to devote the whnle of my labours, possibly to the 
end <if ray life, 1 
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Then follows a long account of Wall her Penck’s life, which is here 

summarised. 

He was bum in Vienna ->n the 30th August, tlifiK, He developed into 
a first class tnoun mincer, his earliest con side ruble climb being at the age 
nf eight when he accompanied his father an a scientific expedition. Aus¬ 
trian schools provided good training in Natural Science; nnJ he was 
special!) fortunate m having an teacher Paul Pfurtochcller, one of those to 
whom he dedicated this book. When In- father left the l niversity of 
Vienna for that of Berlin, Walt her Penck began his university studies 
there—to be interrupted by a visit to the United Stales of America, 
where he followed further courses whilst his hither was delivering lec¬ 
tures, They travelled extensively; and under the guidance of C, K, 
fiilheri saw ihe earthquake fissure at San Francisco. The return journey 
was via Hawaii (where his Jeep interest in the volcanic phenomena 
decided the young man iu become .t geologist). japan, north China and 
Siberia. Berlin University was soon exchanged for Heidelberg, as being 
herter suited to the line he wished to pursue, .After graduating, he studied 
further at Vienna. 

In [i)i3 he became geologist to tile Dirttdrin General Jc Minas in 
Buenos Aires bits mountaineering training stood him in good stead as, 
with merely the trigonometrical points supplied, he mapped 12,000 sq, 
kms. in nfinh-west Argentina, and made a reconnaissanve acros* the 
whole width of Lite Andes. 

While- lu>mc mi leave in 1914, war broke nut, and he served fora while 
with the German army in Alsace. The report made on his first year's 
work at the southern edge of the Pima dr Atacama had meanwhile 
qualified him fora post in the Department of Geology at J-dpidg Uni¬ 
versity. Rut towards the end of 1915, Turkey being under the influence 
of the Central Powers {to whom she had allied herself), he was appointed 
Professor of Mineralogy and Geology at the University of t Vinstan- 
tinoplc (Ifitnmbul). In rot6 he investigated the coal deposits of the 
Dardanelles, as well as visiting the Bilhynian Olympus (Ulu Dqgi with 
a party of students. In 1917 he added to hi# duties those of a Professor¬ 
ship at the Agricultural College of IMkaly on tile Sea of Marmora Rut 
recurrences of malaria, after a visit to the sou them coast of Anatolia, 
made a return tn Germany necessary in the summer of 19iH; and the 
conclusion of the war prevented him from get ring back to Cnnatan- 
linopir lie became an mvctinned teacher 1 PriuittftnttHt)„ with the title of 
Professor, ar the University of Leipzig, and had a paid lectureship in 
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Sim tying (topographical and geological}. He worked jt the results oi 
lu? researches in the Argentine terras and in Au&toEfc* and Spent a good 
deal of time tramping tin: German Highlands with his ■wife—'the Fichte I- 
gebirge* the Thuringtan [I tights, the Franconian and Swabian scarp- 
lands. the Harz and the Erzgebirge. as wdl as visiting the Eastern Alps. 

lire value of money became less and and Ids Argentine savings 
were at an end. It was found Inter that lie endured considerable priva¬ 
tion. But he refused more lucrative posts that would have prevented him 
from continuing his research and preparing for publication the results 
and his views on them. Conditions were slightly better after ihe end of 
uyzi when ho recovered some of his property from I urkty. Jim by then 
he was already far from well, though he made further expeditions, the 
huu being to check hb observations in the Black Fawt, On 29 Septem¬ 
ber ij^, he died of cancer (in the month), leaving a widow and two 
small some 

He wit only 35, w. Salomon* the professor under whom he had 
graduated, wmtt 10 Id* father of the high hopes they had entertained 
that lie would font lived to heeome one of die worlds leading geologic 

in readme the Morphological Analysis, it has to be remembered that 
si i* only part of 1 projected larger work. Nevertheless he considered 
this part to hccumplcie, *0 that Albrecht Penck published U as it stood, 
without any editing, The author Imd dedicated hb work tn Albrecht 
Penck and Paul Pfurtechdlcr, hh ‘twu teachers in the art of observing 
nature 1 , 

\ lbi of Waltlirr Penck^ publications will be found on pages 352 IF. 

Ten years ot so ago j number nf American geomOiphntogiSTS engaged 
m a cn-ojverauve effort to provide a synoptic translation of Dit \ fatfih&- 
fagischf Analyst. Some progress was made; but the project came to 11 halt, 
partly because Professor t\ D* von Engdn, Cornell University, who 
was promoting the enterprise, learned of our work on a full translating 
and generously suggested shat its oiccess would be a happy solution and 
should have American encouragement. 

The object of the translators has been to give as exact a rendering as 
possible of an important work which it has mi been easy for English 
speaking stud cult to .rsrimilate, on account ufits dirfioilt and sometimes 
ohsciiirstv It 4iid its Uftoof unfamiliar terminology . 

In vim of the contAiVcielal nature o| of 1 Wnlrher Penck's views. 
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the tran*kwr& have fck it right lu keep very closely to his oun wording* 
even Hi the com of some verbosity and repetition, I lowtver, Mimmark'S 
of each section have Itccti prepared, and will tie fun (id at the end of ihc 
hook tpp, 355 ff.J; so that readers can lind relatively qmckty the parts 
which they vrish to study in detail in the full Le\t. 

file English expression* lor the term* coined by \V a Penck will he 
found in the Glossary, m well us other word* lor which -riidrm^ may 
w ish to know what way in the original. 

Our grateful thanks are tendered to various member* of University 
College* Southampton: to the kie Professor O. IE T. Rwhbetfo whose 
influence stimulated the desire to under?!and this hook to hh successor 
as Head of the Department of Geography, Miss t\ t . Milter. for en¬ 
couragement and constructive criticism; and to the staff nf other depart¬ 
ments for iheir uasiatanev wish doubtful jpoinj*. W’i al*o wrih to express 
gratitude to Brofcftsai? Alan Wood, A. A. Miller, j. tv, Kcsselh P. G. N. 
Boswdt [and through him, Professor Retd), tin; late Professor J. Solch 
and others for kind help over specific dllTieuliics, 

We are particularly indebted to the lair ]„ F, V Green* F-G-S.* who 
spent much time during the hist year or so of hi* life in reading through 
the whole script (whilst one of us was abroad), making valued comments 
and suggestions. 

Some mistake* inav thus have been avoided. For .mv ihu remain, 
responsibility must of murac n*l n oh n&. 

li. CiKOl 
K, C\ BofiWGLL 


KATHARINE GUMMING BOSWELL 

1889.-195* 

This book was still in the proof &uge when* rt» the deep 
regret of all concerned with its production, the news 
was received that > Ii rn Boswell had died of heat stroke at 
Beni Abbes on September 19th, 1952, while Attending 
the Nineteenth International Congress of Geology in 
Algiers The tragedy of her death before she could 
see her work completed k heightened by the foci tluil 
it occurred on a journey into the Sahara, where she was 
trying to resolve some of file control-rr*hd points 
raised by Penck in hi* dkcusainnof desert conditions. 
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CHAPTER I 
INTRODUCTION 
i. NATURE OF THE PROBLEM 

S tudy of the morphology of the earth's surface has developed as a 
borderland science linking geology and geography. The reason for 
this is the knowledge tluit land forms owe ! heir sfupe to the processes (if 
destruction which engrave their marks on the solid structure of die 
earth's crust; and that the properties of this crust decide the details of 
the sculpturing, as well as the arrangement m space of the individual 
forms. Its immediate purpose being to explain the origin of the multi¬ 
farious land forms which appear at the surface uf the earth, morphology 
very soon had a specially close connection with geography; and today, it 
h considered an iniegral part of geography proper* ihc study of dir 
earthy gurfacc> and treated as such 1 , Thu* work on morphological prob¬ 
lems bis been overwhelminglyi though not exclusively, m the hands of 
geoErapherr; and there has been scarcely any attempt ter go beyond the 
aims prescribed by geography. 

The material of morphology^ however! con rains within itself prob¬ 
lems which reach far beyond the limits aci by geography* and art 
neither exhausted nur solved by a genetically based description of the 
stir Face forms uf the planet. The significance of these problem* ties in tits 
realm geology] and their solution seem* reserved for general geology* 
especially physical geology. The problem is shut ufirurtal t? moment. 

To see the matter more clearly! we miua examine die character of the 
main and fundamental question of morphological science. However 
keenly geology and geography may be interested in the solution of ihis 
question as to the origin and development of laud forms, the problem is 
neither specifically geological nor geographical, hut is of a physical 
nature*- This results from the relationship and interdependence of those 
forces, or sets of forces, which produce the surface configuration uf 
our planet. Tile destructive processes sculpturing the land, all of them 
together included in the concept 'exogeneti*:' ja/rics, cannot become 
effective until the earth's cruet offer* them surfaces of attack, until it h 
exposed to them. Parti of the Crust covered by the *ea arc as much pri>- 
tected from the sculpturing forces u* arc those parts of the dry land 

A X F.tfl.A, 
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which are being not destroyed but built up. Here, as there, materia) is 
not being removed from the earth's crust, but is being piled up on it in 
the form of rock strata; no unevennesses, no definite relief, arc being 
created, but any unevenness of the crustal surface is being levelled up as 
by freshly falling snow. The activity of the destructive forces is limited 
to those parts of the earth which rise above these zones of deposition. 
Thus the indispensable prerequisite for attack by exogenet it processes 
of destruction is the activity of those tndogenetic forces, originating within 
the planet, which are responsible for raising individual portions of the 
crust above sea level, and which, oil dry land, raise individual blocks 
above their surroundings, in general create upstanding parts, thus 
giving rise to the altitudinal form of the earth's surface. Leaving aside 
endogeneucally-caiised volcanic accumulation (which attains morpholo¬ 
gical importance only to a modest extent, is limited to a few localities, 
and moreover has its further fate determined by that of it* substratum), 
the endogenene processes consist of movements of the earth't rruil. In 
view of our present geological experience, their existence requires no 
further proof. The fact that we know of no piece of land winch has not 
been once or several times submerged below sea level, is by itself striking 
evidence. Adequate proof that It is a matter of movement of the solid 
laud and not fluctuations of sea level is this: the displacements of level 
which are of morphological stgniikance, he. those which determine 
present altitudinal relationships on the earth, have never been of a corre¬ 
sponding amount everywhere on the earth's surface, now or at any other 
period*. 

The earths surface is not only a limiting surface between different 
media, nor merely a surface of section giving the desired information 
about the structure of the earth * crust; it it a limiting surface between 
different fortes working in opposition to one another. Both produce dis¬ 
placements of the rock material: the endogcnetic forces displace it by 
raising parts of the earth’s crust above their surroundings, or sinking 
them below these—at present it docs not matter whether the direction 
of the force i* vertical or otherwise, so long as they lead to vertical 
displacement of level at the planetary surface; the exogencrie forces dis¬ 
place it by transporting solid material along the earth's surface. In the 
latter case, the transference usually lakes place from higher to lower 
parts, the motive power always being the force of gravity. The endo- 
genelic transference uf material, on the other hand, is independent of 
the i<iret of gravity. It is manifestly against gravity that magma reaches 
the crust and even the surface. On this eontrait depends the characteristic 
of mutual opposition between endogmetit and exogenetirprocesses. The con¬ 
flict goes on at the surface of the crust and it finds its visible expression 
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in the tendency Jong recognised— fur cxogenetic transference of 
material to lower the projecting parts of the land and to fill in depressions, 
in short n* level, to remove any uncVcmutses which the endoge net ic 
processes have created and ure still producing on the crustal surface. 

Thus the earth's surface is a field of reaction between opposing forces, 
and the effectiveness of the one depends upon die preceding activity of 
the other. On all surfaces so conditioned as to be the scene of inter¬ 
action between opposing and mutually dependent forces, there is a 
tendency for a physical equilibrium to become established. This obtains 
when both forces do the same amount of work in unit time, ire, when 
thev work at the same rate or have die same intensity. Accordingly, 
there is equilibrium at the earth’s surface when the exogcnetic and the 
eiidogenetic processes, when uplift and denudation, subsidence and de¬ 
position, lake place ut the game rate; and not only when —as is generally 
assumed— both processes lutve died out, and their intensity is conse¬ 
quently zero. 

The visible results of endogenetic and exogtnetfe influences al the 
earth’s surface arc forms of denudation on the otic I land, and, on the other, 
the correlated deposits* which are formed simultaneously. The two stand 
in a similar relation to the forces producing them as do the cut surface 
and the sawdust that are formed when a log is pushed against a rotating 
circular saw. It is clear that very different forms develop according to 
whether denudation is artint: more slowly than uplift, more quickly, or 
at the same rate; and so whether the ratio of the intensity of exogenetie 
to that of endogcnelic activity works gainst the former or in its favour, 
or whether there is a slate nf equilibrium. Therefore it is possible to sec 
plainly in the forms of denudation nut merely the results of endogenctic 
and exogenctic transference of material; hut even more that they owe 
their origin and their development t.> a relationship of forces, to the rutin 
of intensify hetKcm f.vogenetic and cndfgcnetie processes. 

The physical character of the morphological problem comes nut 
clctriy. ‘llic task before its is to find out not only the kind of formative 
processes, hut also the development of the ratio of their intensities with 
respect to one another. Xone of the usual geological or specifically 
morphological method* is sufficient fur the solution of this problem. As 
Is now self-evident. it requires the application nf the methods of physics. 

Which physical methods are concerned, and at what stage in the 
morphed ugkai investigation they not only may, hut must, be applied, 
follows from the nature of the three element which together form thr 
substance of morphology. 


I* See i;| u u«iy). 
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2. BASIS, NATURE AND AIM 
OF MORFHOLOGICAL ANALYSIS 
'Hiese three elements are: 
i. the exogcnetk processes, 

2 the endogcncric processes, 

3. the products due to both, which may here be collectively called 
the actual morphological features. 

It is well known that the exogtngtic farces arc ai work over the whole 
earth, in all climates. They consist of two processes, the onset and the 
Course of which are fundamentally different. The one im already been 
characterised elsewhere as a process of preparation: the reduttiun* of rock 
material. Bv tills is to be understood all the processes which lead to a 
loosening of the solid rock texture, to disintegration of die rocky crust so 
that it becomes changed into a mobile form, transportable. Climate and 
the type of rock are what decide in the first place the rum re and the 
course of the reduction, the rendering the material mobile. The atnie- 
tuxenf the earth's crusr. which determines the world distribution of rock 
tvpcs, is therefore just as important for morphology as the world distri¬ 
bution of different climatic conditions. 

Rock reduction altera the composition and texture of the material. It 
does not produce denudational forms. These do not appear until the 
reduced material lias been removed: only when matter Iras been taken 
away from a body dor- it change its shaj^c. Only if its composition and 
texture arc altered does there arise what the mineralogist culls a pseudo* 
morph. Earth sculpture it the to exogmttie transference of material The 
ujjm total aj this eimstitutet denudation, iloul reduction is on essential 
preliminary 10 its occurrence, the rock material must have acquired a 
sufficiently mobile condition before there can he transport at all, either 
of its own accord [ spontaneous) or by the aid of some medium. The 
processes of denudation are. one and oil, grtnitationu! streams, obeying 
the law of gravity. Climatic conditions and type of rock influence the 
details of their further course. Their effects, therefore, are of different 
magnitudes in areas uf differing climatic nature and differing geological 
make-up: nc vert he kw-- and this muni here he stressed in view of widely 
hdd misconception:;— they are not of different types. 

All the proreises of denudation hat e, at gras National streams, a non- uni¬ 
form character— which, as will he ahmvn, is in contrast in the processes 
uf reduction. That is their fundamental property. Their commence¬ 
ment, their course of development, take place before our eyes. Thev 
can be observed in all their phases, and their systematic investigation 

Aufbfrritunn. See glmaory, j 
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i* thus possible everywhere on the earth, riot only qualitatively—as 
has alrcadv been more or less fully done—but quantitatively, a matter 
which bo far lias been hardly attempted- Here there is a wide held of 
inductive research, as yet unworked And it promises results ■» aa great 
or even greater iiapohaiicc to morphology than those which that recent 
branch of knowledge, soil science, has already produced with regard to 
rock reduction. 

All the actual Murpholqgicid features can, like the exogersetic pro¬ 
cesses, he directly observed, and are thus an object of inductive 
research. However, their limits must be extended far more widely 
than is customary. It is hv no means enough to determine and to charac¬ 
terise the form, of denudation as they actually appear m their various 
combinations- the stratigraphieol relations of the earrefated strata, formed 
simultaneously, arc of just as great important. Their thickness and die 
way in which they are deposited on ihc top of one another, how they are 
connected with their surroundings in the vertical and in the horizontal 
direction, their Stratification and especially their facies, reflect both the 
ivpe of development in the associated area of denudation, and its dura¬ 
tion, and they supplement in essential points the history recorded there. 
The position of this record in the geological time sequence depends 
entirely upon investigatum ot the correlated strata and their ifissil con¬ 
tent. As a rule far too little weight is given to working on this strati¬ 
graphies! material Krause of this, out knowledge about the actual 
morphological features 13 ewitspundingh scanty. True, we must take 
into account that these ore not. like denudation, for instance, subject to 
one uniform set of laws; hut that they arc fwcuiiar to each individual 
part or the crust which will have undergone a special development of its 
own. They are individual in their character. 

This individuality » essentially dependent upon the way in wluch the 
activity of the rtufogenctie process ft. particularly crustal movements, 
varies from place to place. Since crustal movements cannot 1 m: directly 

observed_with the exception of earthquakes—information about them 

is deduced from the effects they have produced. These, however, are to 
he regarded merely ;is indications dm crustal movement* are taking 
place, and bear much the same relation to them as the shakini,' of a train 
docs to its forward motion. The passenger, now and then looking out 
from the window of the moving train, recognises ill movement by the 
jolting and by the shifting landscape visible outside. The geologist 
recognises crustal movements hy earthquakes and by disturbance in the 
stratification of rocks 'Hie latter shows the earliest time at which the 
iTUSUiI movement* look place at the given spin, and the total amount of 
disturbance produced up to the time of observation. But the conditions 
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of bedding give practically no clue as to what, during die period of 
movement, was the distribution of the separate effects which add up to 
this total resulting disturbance neither do they indicate the intensity of 
the crustal movement — whether it was rapid or slow—the changes of 
in tensity in successive intervals of time — whether increasing or de¬ 
creasing, nor the course of the movement — whether continuous or by 
firs and starts, nor whether it is still coni inning or came to an end in 
rimes paai. Yet all these have often been assumed in a perfectly arbitrary 
manner. 

Crustal movements cannot be observed directly, and no adequate 
tectonic method is known for ascertaining their characteristics. Thus, 
itl studying land forms, it is not permissible to make definite assump¬ 
tions as to their course and develop merit, and ro base morphogenetic 
hypotheses upon them. Moreover, it h perfectly dear that of the three 
elements— -endogenclk processes* exogenclte processes, and the actual 
morphological features — dependent upon one another, in accordance 
with some definite hw t like three quantities in an equation— it b the 
crustal movements which correspond to the unknown, about which 
statements can be made only as a final result of the investigation, not as 
one of the premises, On the other hand, it has heen shown that each of 
the other quantities con be established by observation, completely and 
with certainty for each individual case. Their dependence upon one 
another, in conformity with some definite law. has already been recog¬ 
nised, and it will subsequently be further developed. The equation— -to 
continue the simile-permits of aft unequivocal solution. Motpfwfagka} 
analysis is this procedure of deducing th e count and development of crwtal 
rna t extents ft am iht txogmtrir professes ami the viorp htdqgicalfcaturt} 

The function of this analysis «f land forms, and iis aim, is therefore 
geological, at motr exactly, physico-^ dogkaL The first tiling to be done 
is to state dearly and solve the problems, of the origin and development 
of denudational forms. The present book treats this compter of prob¬ 
lems as a matter of physical geology* to which it organically belongs in 
virtue of its nature—as was emphasised at the beginning. Having found 
the outlines of its solution, we have a base from which to move forward 
to the ultimate aim of morphological analysis, as indicated above. Far- 
reaching possibilities open up from this point. As has already been more 
fully set out elsewhere 5 , the analysis of land forms gives totally different 
information about essential features of crusiaJ movement from that 
which gedogico-ttctonic research can find out from the structural 
characteristic* of the earth's emst. The two methods, the morphological 
otic here developed, and ihegeologico-tecttinic. supplement one another; 
at ri«3 point in one ^ substitute for die Other. Only the two together supply 
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that sum of basic facts which affords a prospect of solving the main 
problem of general geology, the rouses of crustal marementt. This is a 
matter which does not seem to allow of a solution by any purely tectonic 
method; and so far any attempt to solve it upon this far too narrow basis 
has been of no avail. 


3. CRITICAL SURVEY OF METHODS 

(a) Cycle of Erosion 

A first attempt in the direction of morphological analysis was the 
theory of the Cycle of Erosion developed by W, M, Davis*. Familiarity 
with it is here assumed The cycle theory has, it is true, a purely peo- 
graphical aim, viz. the sy stematic description of land forms on a genetic 
basis, which lias been aptly called their explanatory description'. Thus 
there was no direct attempt to discover more about emlogenetic pro¬ 
cesses. Results in this direction have been obtained only by the wav, and 
they were not meant for further use except so far as they were con¬ 
sidered to serve the explanatory description*. This totally different 
orientation of the setting of the problem does not in any wav alter the 
importance for morphological analysis of the principle of (he cycle con¬ 
cept. Thar principle is the idea of development, in its most general sense: a 
block, somehow uplifted, presents one after another, in systematic se¬ 
quence, forms of denudation which result from nne another; and their 
configuration depends not only upon the denudation which is progress¬ 
ing in a definite direction, but also—as Davis himself suggested, though 
merely as a conjecture*—upon the character (the intensity) of the uplift 

What baa found itv way into morphological literature as the cycle of 
erosion is what Davis expressly defined as a special case of the general 
principle, one which was particularly suitable to demonstrate and to 
explain the ordered development nf denudational forms. It is postulated 
that a block i» rapidly uplifted; that, during this process, no denudation 
takes place; but that on the contrary, it sets in only after the completion 
of the uplift, working upon the block which is from that time forward 
conceived to be at rest. The forms on this block then pass through suc¬ 
cessive stages which, with increase of the interval of time since they 
possessed their supposedly onginal form, i.e. with increase of develop¬ 
mental aye. are characterised by decrease in the gradient of their slopes. 

They are arranged in a series 0/ farms, which is exclusively the work of 
denudation and ends with the pcnepUne*, the peneplain. If a fresh up¬ 
lift now occurs, the steady development, dependent solely upon the 
working of denudation, is interrupted; it begins afresh, e.g. the pent- 

\* Ser filcmwY.] 
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plane h dissected. A new cycle has begun; the traces of the first are per¬ 
ceived in the uplifted* older forms of denudation. Thus il has become 
usual to deduce a number of crustal movements, having a discontinuous 
jerky course, from the amusement by which more or less sharp breaks 
of gradient separate less steep forms above from steeper ones below. 

It was possible to draw this concision. in such a genera) form, only 
because the ahovc-mciHioned specif ca?e, chosen by Davis mainly for 
didactic reason? and developed m detail un several occasions* is usually 
taken as the epitome* of the cycle of erosion, and is quite generally 
applied in tlm sense. Moth Davh himself* and his followers have made 
and Htill make the tacit fttiintiptian that uplift .md denudation are suc¬ 
cessive processes, whatever part of the eunh is bring considered; and 
investigation of the natural forms and their development has been and is 
bring made w ith the same assumptions us underlie the special case dis¬ 
tinguished above. There is, therefore, a contrast between the original 
formulation of the conception of 8 cycle of erosion and its application. 
DaviSi in hss definition. had in mind the variable conditions not only of 
denudutlun T but of the etidogenctic processes; in the application—so far 
a* we can see p without exception—use is made only of the special case, 
with its fi\ed and definite, but of course arbitrarily dioutcn, rrulugenelie 
assumption- And criticism, with its justified rep mack of schrmittising, is 
directed agmusi the fact tha? the follow ers of the cycle theory have never 
looked for nor seen anything in the natural forms except the realisation 
of the special case which Davis had designated as such. Thus even 
opponents of the American doctrine have taken their stand not against 
the genera! principle of the cycle of erosion l hut against its application; 
and they referred merely to the one special case that alone was used 1 . 
Thus there seems throughout to have been a misunderstanding with 
regard to the cycle of erosion! its originator mean! by it something 
different from what is generally understood. The wav in which the 
theory is applied, the trend *d the criticism it has received* hardly permit 
any doubt of this. Thus it iv nectary to consider more closely the 
application of the ryrl* oftratiatt and the criticism directed against it. 

As a method, the theory of the cycle of erosion introduces completely 
new phase in morphology. Deduction t $0 far used only within the frame¬ 
work of inductive investigation, or as an excellent method of presenta¬ 
tion. has become a means of research. Starting from m actual knowledge 
of exogctictic processes, the cycle theory attempts 10 deduce, bv a mental 
process, the land-form stages which arc being successively produced urt 
a block that had been uplifted, h at rest, and \s subject to denudation* 
Nor only is the order of the morphological stage? aieemmed bv <ieclnc- 
tion + but also she forms for each stage; and the ideal form* arrived at in 
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tins way arc compared with the forms found in mturcn 'There are two 
points in this method which must he considered critically; (n) dediic* 
tiun as a means of investigation; md (b) the tacts on which the assump¬ 
tions are based. 

To begin with* it is obvious that the ideal forms, which are supposed 
to develop an a stationary bloc A\ can be deduced successfulty only if 
there are no gaps in our knowledge of the essential characteristics of the 
den ud at hum] processes. Should this pre-requisite mt he fulfilled, the 
deduction h nothing hut m attempt to find out from ilie land forms 
alone both the endngvncric and the exogenetic conditions to which they 
owe their origin. It is like trying to solve an equation leaving three 
quantities, two of which are unknown; we can expect only doubtful 
results* The American school may he justifiably reproached with not 
considering it their next task to eliminate one of the unknown quantities 
by systematically investigating the processes of denudation all over the 
world. On the whole, their part in throwing light upon the exogenetie 
processes his been a very modest one- Yet this is not a decisive blow to 
the cycle concept. For amongst the ’exogenetic assumptions made, 
there i$ no principle which ha* not !>een verified by experience, and 
critiebm by opponents has been unable to show any mistakes in this 
fields 

Till very recent tinies 10 , no one has even seriously examined die 
second or “endugenetic* assumption of the applied cycle of errobtt, 
namely, uplift and then denudation. On the contrary, morphologists of 
even- school have generally started from the same Assumption as soon as 
they came to discuss the problem of the development of land forms. 
Even the opponents of the American school have done thi* p and indeed 
tacitly still do so, even in those eases when they have completely dis~ 
regarded any endogeneric influence on the forma of denudation, and 
have dune no more than consider how the individual land forms might 
have arisen purely from the work of denudation: for instance, the way in 
which they depend ujtou rock material. Invariably they have started 
with a given fixed altitude for ihe crustal segment considered; that is* 
they have he^m hy considering uplift already completed and followed 
by a period of rest. 

Thu®, up to now, it cannot be said that there has been any really 
well-grounded criticism directed against the factual assumptions of the 
cycle of erosion. 

Hit second point was the use of deduct ion as a method of morpholo¬ 
gical research—though of course in addition to induction and essentially 
based upon it. A Hcttncr utterly and roundly repudiated the u*e of this 
for morphologyHowever, no such conclusion would be drawn from 
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Meitners remarks and hi* arguments In these lie deals with the con¬ 
cept* of Davis— 1 which he consider* are not precisely enough fn mm fated 
—especially the concept of morphological age; further, he points out 
that inadequate attention has been paid to die character* of the rock 
and to the exogmetic processes and finally lie considers the application 
of the theory to specific cd&es. At one point Only does lie touch Upon the 
problem of method, and that is when he levels the reproach against the 
cycle of erosion that it rc?cs upon inadequate assumptions as to the c\o- 
gctiedc processes. That reproach has already been considered above. 
But so far as the erosion cycle is concerned* this is Only one side of the 
question; for, as has already been shown, it makes further very definite 
assumptions about the cndugctictic processes. Apparently Meitner con¬ 
siders them tii be correct and admissible, since he docs not examine them 
also. But the possibility dut the deductive method used for the cycle of 
erosion may he baaed upon inadequate assumptions dues tun permit the 
passing of judgment upon the applicability of deduction ilhelf to the 
whole sphere of morphological research 1 -. In addition, this statement 
may he made: hi morphology, nr in am other branch of knatetedge con¬ 
cerned with physical problems* deduction 4» a means uf research h mt only 
permissible* hut aha mptratb'*\ unless tir wish to Trimmer the greatest 
possible exactitude ami completeness in the results, and to exclude our branch 
of learning from the ratil of an exact science r a rank which it hath can and 
ihmtld acquire in liriun uf the character of the questions with u fmh it deals - 
It h merely a matter of finding out where, in the process of investigation, 
we should resort to the method of dedilcimu; and above all making sure 
that correct and complete data are then prnv ided for it. The provision of 
these is. as before, exclusively ihc domain of inductive observation; it 
only can accomplish this, the deductive process never. It is by no means 
ihe deductive character uf the me thud itscit which makes it impossible 
to go along the American way of applying the cycle of cross on T but die 
incompleteness and, as will presently be shown, the incorrectness of the 
assumptions made. Thus opposition to iht deductive method as a tool 
for use in morphological investigation has been unable to do serious 
harm lu the the on of the erosion cycle, and it Lr not to be expected that 
it will ever succeed in doing so r 

We nirw turn to the assumption made about endugenetk processes 
w hen applying the concept of the cycle of onion. 

(h\ RELATIONS)!] P BETWEEN KjVfW't:EMETIC AMU Eft&QENFTlC Panf fffi^ 

Kxogenttic and codr^enctic forces begin to act against one another 
from the moment when uplift exposes n portion of the earth’s enm to 

(* Set p. to far u)uE tiiti Ltrtiri i fnnprisrjr, or f?EoiUTy k ] 
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denudation. So lung as uplift is at work, denudation cannot be idle. The 
resulting surface configuration depends solely upon w hctltcr the endo- 
genetic or the exogen etic forces are working the more quickly. Were 
there no denudation, .1 block, howsv nr slowly it is rising, might to course 
of time reach any absolute height; and its increase in altitude would be 
limited solely by the physics of the act uf formation, provided that it is 
inherent in this not to continue indefinitely. It is rather like the way in 
which on impassable limit has been set to the me reuse sn height of 
volcanoes by the extinction of volcanic activity, which often cumcs to 
an end prematurely, as soon as a certain height has been reached, 
because lateral effusions replace the summit eruptions. However, it i-* 
from due otitic! that exogenctic breaking-down at 1 he earth's surface 
works against cndogencih building-up, i c. denudation works against 
uplift, in-filling by sediments ugains 1 subsidence. It is easily to be under¬ 
stood that an actual elevation cat. come into existence only if uplift does 
more work in unit time, and sots working more rapidly, than denudation; 
a hollow appears only when subsidence takes place more quickly than 
sediment is supplied, than aggradation. 77th state of of fain, forms the 
substance af the fundamental law of morphology: the modelling of the earth's 
surface ts determined by the ratio of the in trinity of the mdugenetic to that 
of the exqgettttic displacement of material 1 ®. 

A brief survey of the earth's surface shows that this ratio vert- often 
changes, or has changed, to the prejudice uf the exogenetic forces; the 
accumulation of a volcanic cone is possible only hecausc it takes place 
more rapidly than the removal by denudation of the accumulated 
material Faults can become visible as unlevdled fault scarps, for in¬ 
stance in the Mine of the rift valleys of East and Central Africa" \ only 
when the formation of fault* lakes place mure rapidly than levelling by 
denudation. Generally .speaking, the origin of any outstanding elevation, 
any mountain mass, is bound up with the assumption that mountain 
building is more successful, i.c- work* more rapidly, than denudation. 
Thus the varied altitudinal form of the land shows dial in many cases 
the work of denudation is lagging behind the endogenetk displacement 
of material, here more, there less, or has done so in the past. The one 
consistent feature, however, common to every region, is (hat the activity of 
exogenrtie happenings is subordinate to that of atdogenetk processes, Tltia 
relationship, most impressively brought to the observer’s notice bv the 
different kinds of relief and the different altitudes occurring at the 
earth's surface, forma the basis of morphological analysis. For if the 
exogenetie forces are less active than the endugenetk movements, then 
their effect, the earth's whole set uf lurid forms, must also in its main 
outlines accommodate itself to whatever law hus its visible expression 
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clamped by crustal movement upon the face of out planet. Any change 
in kind or in intensity which these movements undergo must therefore — 
at has long been known—leave its traces upon the landscape. 

If the intensity uf denudation oiri&i&untly lagged behind that of tire 
endpgcnetic movement. then in course of time a block rising in such a 
way could, even in spite of the exogeneti c processes, reach any absolute 
height; though It would of course do so more slowly than if the earth 
were not subject to denudation, Hut the tcklbn^bipb not an unchanging 
one. For, like all other gravitational streams, the processes of denudation 
increase in intensity with the gradient, in a definite manner to be dis¬ 
cussed later- and the gradient increases with the increase in vertical 
distance between summit and foot of the uplifted portion of the ciiisi, 
This is true provided the horizontal distance between the two points is 
riot at the same time proportionately increased; and. as a rule, it is not. 
Thus it was possible, even some decades ago, to formulae it as an em¬ 
pirical kw f fundamentally correct, that intensity of denudation increases 
with absolute height, other things being equal, P ITiis means a shift in the 
relationship of the endogenctic to the exogenetic rate of working, in 
favour of the latter! and an ever closer approximation to physical cquilH 
hrium. The actual attainment of the equilibrium could be prevented 
only where there was no limit to the increase in endogcnetic movement* 
so that rising I docks would gain in height indefinitely. The insigni¬ 
ficance of the altitudinal modelling of its surface hears witness to how 
little such conditions obtain on the earth, an insignificance w hich is nol 
dearly brought out T with distinctness till comparison is made with ihc 
dim elusions of the earth as a whole. 

The above short slirvey shows that it is essential, when investigating 
the origin and development of denudational forms as they appear at the 
earth'i surface, to ascertain the refotiamhip bflircert the intensity of the 
eudogtnttic and of the exogcnctic processes. in short, between uplift 
;snd denudation: and it necessary to follow out how r this changes as 
time cues on. None of the present methods used in morphology brings 
us nearer to achieving this end: none even attempts to do so. The 
assumption generally introduced, that uplift and denudation were suc¬ 
cessive processes, or could at nay rate lie treated as sucb r has stood in 
the way. In this respect the only diffemtcc betw een the cycle theory and 
its opponents; i% that Davis made the above assumption in order to pro¬ 
vide a specially simple ca.-M:, of ptirtiutikir use in ill us tra ting the cycle 
concept; but, at the same time, he kept well in mind 11 the importance of 
concurrent uplift and denudation, To In: sure, this was a notion uf 
which he scarcely ever made use, and his followers never. 'Phase of the 
other school, no less schematically, start in every ease frurn the same 
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assumption; they, moreover, have occasionally tried to justify dir 
genera! correctness and permissibility of such a course 11 . It is as if they 
made use of a device familiar in school physics, which is merely a make¬ 
shift for presenting in a physically correct manner the resultant of pro¬ 
cesses act in g concurrently. Tins is a grave mistake in method. 

It b permissible to proceed in this wav only in the case of uniform 
fortes which, in successive units of lime, produce effects dial remain of 
equal magnitude. If, in a diagram such as Fig. i r the coordinates ab 
and be represent the effects of simultaneous. uniform forces, the straight 
line u€ represents the resultant effect during the whole process. In order 
to ascertain this, ft ia tuifliciciit to follow the events first from a to A. 
then To 


(r) The Differential Method 

l i is quite different, however, when forces acting simultaneously are 
not uniform, Le. are changing their intensities in successive units of time 
and are therefore doing different amounts of wort:. To find out the 
resultant during the whole process, it is here necessary to follots the 
course of Nature tooiitMuusly, as was made possible in physics, where 
sue It problems are constantly crapping up, only by the invention of the 
differential calculus 1 ** To make this clear, let us remind ourselves of the 
problem to find the trajectory of a missile fired horizontally from a 
point a (Fig. i). Ajs the effect of the firing, it would reach A; but at the 
same rime* under the influence of the force of gravity, it would drop 
down by the ammutlt be. To find point which rhe projectile trachea, it 
would ready lx: sufficieitt to follow 1 events first from & to A, then from 
A ro c> ihsi ts to imagine the effects of the firing and of gravity' ns coming 
into pby successively* The trajectory, however, has not been found in 
that way. k lies on a curve of some kind between rhe initial and fern! 
points* between a and c. To determine it, we must find out how the 
magnitude of the operating forces uIters in successive exceedingly small 
units of time- 7Tus can l>c done by plotting a diagram of forces for each 
moment, as in our figure. c + g + ^Ah 1 , a'bh *. . . etc., so that the 

simultaneous effect of the forces is represented by the very minute 
distance* ttc\ */V J * . . etc,, as if they were uniform during these 

extremely short intervals! of time and took pbee successively* The error 
thus made becomes inti nil carnally small* if the values chosen for the 
diagram arc made infinitesimally minute; and this method, consisting of 
an infinite number of infinitely small variables, corner infinitely near the 
continuous course of Nature. Thi* becomes clear if in our figure the 
triangles tib l f\ u 2 A*£\ etc., arc. as is necessary, made infiuitelv small; 
they then disappear completely in the full fine axt. Since the forces ire 
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now changing from moment to moment, the very small distances ab', 
aW, etc, and bh 1 , bh*, etc,, are thus of different lengths, and so the in¬ 
finitely small resultant* ac\ ah 1 . etc., are also of different lengths and at 
different inclinations. Strung o«i after one another, they do not form a 
straight line, but bend in a curve: the trajectory rf.tr which was to he 
found, This is the differential method, it is the only leay that hash to our 
goal, wf hich is the exact representation of the resultant of several simtitmtms 
processes that are not ailing uniformly during their course. 

The forces tchkh take part in modelling the land do not act uniformly. It 
has already been shown that this is so for denudation, and it is a matter 
of course for crustal movements. They bi:gin from the position of rest, 



so they must then be accelerated; and they end with the position of rest, 
having then suffered deceleration. Whether nr not the starting point and 
the end coincide with a position of absolute rest is of no importance. If 
indeed we think of the alternation of uplift and subsidence, as has so 
often, if not as a general rule, taken place on the earth, then the position 
where subsidence changes to uplift (or vice versa) is the position of rest. 
In any case, the mu: muni of the crust is u mn-utuform proem, nhich he- 
comes uniform only temporarily during in coarse , but can never begin uni¬ 
formly icith any definite velocity. It L* not Tiipcriluous to stress this 
obvious factor in view of the often inadequate conceptions which are 
widespread as to the physics of motion, and even of the fundamental 
concepts uf physio 

To illustrate the position, let us draw a diagram (Fig. i), in which the 
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co-ordinate* represent the elfocts of crustal movement {a h) and of dcnu- 
Jaiiuii.il process (A e). The result of itieir rimultancoiis action, the 
forms of denudation, then appears in the shape of curves he tween a and 
c. NattimUv they art all situated within tire triangle alx.\ since any 
curve drawn outside it, as fur esiniple. a curve deviating in convex 
fashion downwards from the straight line a c, would signify that denuda¬ 
tion had begun before subsequent endugetsetk- action lutd exposed the 
crustal fragment to exogenctk destruction nr, in other worth, that 
denudation was the prerequisite for crustal movement. Within the tri¬ 
angle an infinite number of curves are possible, nit of which begin at 
point a and end at i. Each of these curves represents not a single form, 
but a developing series afforms through which a crustal fragment passes 
when it is being uplifted and denuded. It is obvious that all the series of 
land form* which cm possibly develop on the earth have one common 
Starting point and otic common final form. The former is characterised 
by the beginning of uplift and denudation (point <i), the lattejr by the 
extinction of endogenetio and cKogcnetic displacements of material 
{point rj. In between lies the endless variety of form# tluii correspond to 
the varying ratio of intensity of ewgeneiic processes tu dial of endo- 
genetje ones; and they are arranged on an infinite number of curves, each 
of which represents a sent-, of forms peculiar l" lhe surface develop¬ 
ment of a crustal fragment which has bid a particular course of endo- 
gtnirtiq ikvdopn lent. 

That ax scf that haul font u art not. Bf the erosion cycle postulates, a 
single developing series, but that tiny form an infinite number, and that they 
are arrange d {on the diagram], uul tn u line, hut an a surface. I ins surface 
is enclosed by two limiting curve* that, at least as regards total dimen¬ 
sions, represent developing series which, on the earth, arc /ml not pot- 
sibU\ the straight line ac, that is the series of forms arising from the 
uniform development of uplift and denudation, and the axes a b—b r, 
which would he the jscries of form* that would arise if uplift and denuda¬ 
tion succeeded one another. Whether fragments of the limiting curves can 
be observed as component pans m the development of forms on the 
earth, and which fragment*might in that way be realised, will have to 
lie decided by the following investigation. 

The relations I iip of the cycle of erosion (and of methods based upon 
similar assumptions) to the complex of problems concerning develop¬ 
ment of land form* now become* evident. Point 6 in tire diagram repre¬ 
sents denudation which set* in only after the completion of uplift; and 
the series of form* that arise purely as the work of denudation on a 
motionless block it represented by one limb of die limiting curve: the 
line is c. Its starting point b by no mean*, coincides with the point (a) 
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from which all development of forms on the earth begin.* The pfcrfecdy 
arbitrary choice of that starting point is clearly shown* thc ® tI ) cr 

hand, di«e also emerges the fact that although the method adopted for 
the erosion cycle (in its applied form) is incorrect m prmcple. yet tf 
must nevertheless lead to the discovery of the correct final form common 
to even one of the series of denudational form* that develop on the 
earth, provided that the method was logically correct and not based upon 
faulty exogenetic assumptions. The theory of the cycle of erosion does 
Zdtiy both these requisites, as cannot be doubted even by «s opponents, 
mSt in the diagram represents the eiid-pciieplane, the P^pUm, 
the origin of which w*» made dear by W* M, Davis, and a hltlekter, 
indcncndcntlv, bv A. Penck, both basing themselves upon detailed .re¬ 
ductive observetion 1 *- One could not, however, in this way deduce a 
■ r ,|e one aiitasi' the infinite series ot developing land forms winch art 
no f only possible but actually exist on the earth in the different parts 
Xch hat e had various endogenic every Hung u. this 

& remain, to be done by T*? JVJ 

v^lanon .tart at the beginning of uplift and denudation (point 4 » 
must take into account not only the simultaneous effects of 
and exogenclic action, but above all thar vamb e mtensmes”. For r hts 
to d* methods ofphysia, and iff permit a «*- 

Z^sfoUomng of the variable .juries, tfud vjh' JsfftrmtrfnM 
Sg method not only can, but must bet used fo mv„bgarmg to mur~ 
dependence between the processes of movement which take part m ihc 
mSelling of the land. For mass-transport of eroded material depends 
upon a gradient, die factors producing which are crustal mounts; 
Zd mass-movement of denuded matenal depends upon a gradient, the 
processes producing which arise from the results of erosionf”. 

This leads tu the 

(J) Preshst Methou of Approach 

The main stress is laid upon investigating the ways in which denuda¬ 
tion works. and the preparatory m «" *J»I ‘o find out tf 
denudation follows law s which are uniform y applicable and what these 
aie Thus, in the first place, U is - letter «f «™*ymg those processes of 
denudation the course of which depend* directly upon .he surface 
gradient of the crust and therefore indirectly upon its movements* These 

ftSSSkm^Ltei The author 1 * dfctinction between ciotion ahmethe line 
- -_j| nr hil of difference between Cannon and fcnjtliah-Amentum 
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fall STUD two categories: iji) dcnudaiirma! process in which the move¬ 
ment ifr ypomaneous*' (b) these making use of an agent that is itself in 
motion (air, water* ice). Now group (A) includes also processes which 
depend only remotely*. or not at sJJ* upon thr surface gradient, and 
which do not show any direct connection with crustal movement. Cur¬ 
rents in standing water, particularly in the sea. are examples of this, and 
air currents. In both cases* lines of movement within one and the same 
medium are caused by differ nuns 0/ pressure. They imprint upon the 
surface of the crust features I taring no connection with crustal move¬ 
ments, which have but a limited value, or none at all* for discovering 
these. Hence this book does not treat of ocean currents; and the effects 
of wind arc considered only in SO far as they act with and influence other 
sub-aerial streams that are dependent upon gravity. Their work must he 
distinguished from endogenetic influences* even though it i$ rwiricted 
to certain parts of the earth, and is of limited importance in these. It is 
particular I v over arid stretches of bud, devoid of any continuous cover 
of vegetation, that wind effects arc encountered; and the lowest base 
level to which they can possibly extend is the surface of any arc u multi- 
linn nf water. For arid regions this means, in the first place* the watcr 
labtc. This is so for basin* of inland drainage, tta visible surface of which 
forms the base level of erosion for the bordering slope*; and its position 
is determined —if not exclusively , yet in the main—hy climatic condi¬ 
tions and not by those of cmsuU movement. Wind may here play a 
considerable part in the modelling of those slopes; not indeed directly* 
as observation shows, but indirectly through bringing the base level of 
erosion down to the level of the (dry season) water table. 

Minor forms due to wind action appear all over the world, whenever 
there is an arid portion of surface exposed 10 the wind, provided 
weathering has previously done lift work. But even apart from these, it is 
cUmutr which primarily conditions the denuding as well as the dvpoat- 
tional activity of the wind. Nowhere indeed arc the forms which it pro¬ 
duces dominant^ not even in the regions of in greatest importance; but 
they are overprinted upon the dominant forms, forms which there ton 
have been created by denudational processes bound up with the surface 
gradient. 

The movement of ice and a now, and the effects produced by them, 
pracm simitar relationships. True* Their movements follow the surface 
gradient*: vet thqir existence is a response to climatic conditions* It is 
unsuitable, therefore, to use forme produced by them for the deduction 
of crustal movements. T hat their origin has ran direct connection with 
these ts at once evident from the character of their level of reference, the 

[♦Seep ,M 


* 


r.u.A. 


INTRODUCTION 


IS 

base levels of erosion below which their sculpturing cannot po^ihly 
reach. For glaciers, that level b the melting lower end; for the stretches 
lying between them, it h the snow dine, The position of the niching tip 
depends both upon that of the snow-tine, determined cxchuively by 
climate, and upon ihe mass of each individual stream of ice which, other 
things being equal, increases with the size of the gathering ground. With 
stable climatic conditions, the influence of crustal movements is to alter 
the position, of the glider snout and that of the snow-line, not with 
reference to the base level of running water, c.g T sea*-kvel f hut with 
reference to the glaciated summits or to the original position of the snow¬ 
line* Thus* investigation of glacial phenomena can tSEabibh to what t*- 
lent the observed displacements of the vnow-line arc due to climatic 
changes or to crustal movements, hut no due b thereby given m to the 
nature or course of these events. Hence the whole set of phenomena 
belonging tti glacial geology also falls outside the scope of this book. 

And finally, an examination of coastal development has no place here. 
Knowledge Is assumed of the processes which are today considered to be 
modelling the details of sca-coasts, whether by denudation or by deposi¬ 
tion. and of how these processes are believed to transform coasts which 
are nether rising nor sinking- For the problems here treated, the only 
phenomena of importance are those from which ii is possible to deduce 
vertical movement of the coast-tine, with the necessarily associated hori¬ 
zontal dispbcemeni, uplift and subsidence of the solid earth, ri$e and 
fall of scft-Ieveb In so far as eustatic fluctuation* can be successfully ex¬ 
cluded, these phenomena supply information as to the occurrence of the 
crustal movements the time of thdr commencement* an d I heir direction 
(relative to sea-level); but only in a limited degree to thdr course of 
development and changes in intensity, In this respect they fall into the 
same category as the conditions of rock strautication. Thin does not 
remove the necessity for a somewhat detailed consideration of the proved 
oscillation? uf the coaat4iae; for this concerns the usrilfateons of thr bust 
fn'tl of erosion for r turning wtiftr, w hich — -whatever lltrir origin—have 
the greatest conceivable repercussions no the modelling of the bnd, the 
type of denudation and deposition* and the distribution uf these, 

That the investigation may be directed aright with reference both to 
matter and places wc arc beginning with a short survey of the earth's 
cruTvt and its structure, this being the stage for all geological and morpho¬ 
logical occurrences. 
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V ariations in physical properties, such as capacity for expansion. 

elasticity, cohesion, etc., and in chemical Composition of con¬ 
stituent minerals, make rock susceptible in varying degrees to the chem¬ 
ical and physical influences which prevail at the earth's surface. Such 
susceptibility is influenced further hy the kind of mineral fabric and its 
strength, the texture of the r<xk, and above all by variations in its 
cohesion, Cohesion depends not only Upon the texture but also upon 
structure, a term comprising such phenomena as rudt partings along 
divisional planes (say, bedding or foliation planes), cavity filling, farm 
and extent of pore space, etc., the cement, its nature and strength, dia- 
gentsis, and the various stages of rnetamorphism such as contact effects, 
impregnation, reconstitution, ^crystallisation. The sum total of these 
properties, together with the details of rock it ratification, in shon, the 
character of the rock* are responsible for the various degrees of resis¬ 
tance which rock* offer to chemical and mechanical destruction. They 
vary- not only from one case to another, but they also vary from place to 
place, even when climatic conditions and exposure are identical. Thus, 
other things being equal, it is the ehararirr of the rack which proves to be 
ike determining factor in the detailed sculpturing of denudational forms. 
Careful tracing of this adaptation of form to rock character b essential for 
learning how to distinguish its morphological influence from that 
exerted by endogenctic processes, the crustal movements, 'Hie endo¬ 
gmatic conditions that are morphologically significant are t wofold: those 
which are d ynam ic, the eridagenctir processes, viz. movement and trans¬ 
ference of material, which will not be considered here; and those which 
are static, the mdcgenetk suites resulting from iliosc processes. The 
latter include the three following elements which should be carefully 
distinguished: («) the composition of the crust, which consists of many 
different kinds of rock. (&) it* structure, which determine* the surface 
distribution and arrangement of the rod; types, and (r) the afrituilina) 
modelling. 

i. COMPOSITION AND STRUCTURE Of THE CRUST 
The structure, the internal build, is the sum total of all the strati - 
graphical relationships*’. Wherever there are upstanding portions of the 
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land, and these are the only plates where observations earn be made,, two 
essentially different structural zones can be distinguished in broad outline, 
These may be called the suhjtrtf£iurtm& the superstructure. The boundary 
between them lies at a stratigraphicd horizon which varies from place to 
place, and is nowhere sissociated with a surface at a definite level, 

Tht chtfffictrrhttf fenturt uf thr nMtrwtUrs is folding, in all rocks 
capable of folding, that is those w ith parting planes (bedding and folia¬ 
tion) whether original nr acquired. At any given temperature there is a 
detinue limb to the capacity for folding possessed by a rock with given 
properties If compression has caused this limit to be reached, the rocks 
become intmitpetrnt\ and from that moment they react 10 the continued 
pressure in a different way, viz. by molecular transformation, Ttiia is 
mo^ nearly complete in the deep-seated zones along the lines of folding. 
Here, as may be seen for example* in the centra] putts uf die Alps nr of 
the Vaiiscaft folds, not only arc? the structural eharacteristics km and re¬ 
placed by others, a discordance disappearing, for instance, and being 
represented by a tectonic concordance, but the rock itself undergoes 
complete recon ablution, recrystallisation* and acquires a new mineral** 
gical composition and a new arrangement of the component minerals. It 
is exclusively in the substructure that such rcconstttutttm phenomena 
occur: it is here that schistosity and the crystalline schists originate. It is, 
finally, in the substructure that most of the magmatic injections are to be 
found, in particular all those huge inlruaive bodies allowing a granular 
texture, of which stocks and batholiths arc typical. 

The substructure i* exposed over vasi areas of land; everywhere it 
forms the base, the foundation. upon which other material, wherever 
this is present. Ls piled. It may, therefore, be taken as the peripheral part 
of the earth's cruat proper, even 1 hough what might Ik embittered as the 
remains of the planers hypothetical, original crust, duo to it* solidifka* 
tfon. cannot be seen anywhere, even in this. Rather, according to our 
present state of knowledge, it h exclusively ufc rca-sorted sedimentary 
material and of igneous rocks that this lower zone consists, Ihc sedi men¬ 
tal material litre reasserted was formerly worn off upstanding parts, 
deposited in depressions, and folded Throughout its entire extent, though 
at different periods. In the deep-seated zones it underwem reconstitu¬ 
tion along the lines uf folding but in its peripheral parts tile sedimentary 
properties art more nr less clearly preserved The igneous rocks arc 
partly in the form of intercalations of extrusive matciial, but are mainly 
ttUm&iom which must have increased the volume and maw of that shell 
of the lithosphere: concerned. Thus* (hough they arc not ihe only types, 
cry^allinc siliceous rocks are by far the commonest rocha found in the 
substructure. 


COMPOSITION AND STH ! H HI- OJ HIE 'Hr,- I *| 


Stretchy of this substructure arc covered by a thin, incomplete 
mantle of rock, the ttfpfrsinitiur*. It b made up of sediments which show 
no signs whatever of rccurunkutim* There are + in addition, extensive 
volcanic extrusions, and small intrusive bodies of a hypabyssal nature 
(typically the true laccolith) which penetrate the sedimentary mantle. In 
the superminicrure, elastic material is more common than crystalline; 
and the chemically Stable substances, such as limestone, quarts, hydrated 
silicate of aluminium, ctc^ to Ijc traced back to the end-products of 
weathering, predominate over t hr chemically unstable silicates. 

These striking but by no means universal, differences in rock texture 
Lind L'omposiii m kj.il iv a general difference in susceptibility u> rock 
reduction in these two structural a ones, On the whale, loo, they provide 
different conditions farrircitblim of w ater. Hut what is of greatest signi¬ 
ficance b the Jilfcrancc found everywhere ilk the bedding the mper- 
structure has nofoh fisgp it* tectonic disturbances are restricted to ih tmz of 
a minor degree. Flat bedding is typical of the superstructure; and it 
alone affords the conditions requisite for the formation of tablelands 
and scarp [a nds such as are so impressive in south-west Germany* 

Now what are the genetic relations between superstructure and sub¬ 
structure? What delimits the one from the other? Nowhere on earth are 
flat-lying Archaean beds known; everywhere they are folded. Bui the 
lower surface of the Palaeozoic by no means coincides with the boundary 
between perm run lire and substructure. It is found instead that all 
divisions of the geological formations front the oldest Palaeozoic up to 
and including the lower or the Middle Pliocene, tire represented in both 
tltc substructure and the superstructure: the strata* a* in dividual forma¬ 
tions, but never complete in a continuous sequence the some every¬ 
where* occur Hut bedded in one part of the world; but on approaching 
certain belts, these vecy same strata low this property; ibey are folded 
and so have acquired the characteristics of the substructure. This may be 
excellently seen by comparing, for example, the unfolded Palaeozoics 
of the Bailie provinces with those of the same age but within the 
Atrnioricxn-Vamcait belt uf folding: or the Mesozoic* of south-west 
Germany with the Triable mid Jurassic nf the Alp-*, md the north 
German Tertiurics with the equivalent formations at the edge nf the 
Alp?.. The fundamental difference is nut she texture nr compnritUm of 
the rock*. but their bedding. In the me set of regime rttfki 0/ the super- 
structure tnmsgrm met an old ft folded substratum; in the fold belts* they 
are t by virtu* of their folding t tnegrporaied in the tubs true turf The com¬ 
pleteness w ith which this process tnkts plate b seen in the reconstitution 
of Mesozoic sediments to form schists in certain parts of the Alps or of 
the Apennines, ibe« sediments being the same as those which, outside 
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the belt of geologically youthful folding, form puts of a scarcely dis¬ 
turbed superstructure. The lower surface of this, i.e. the boundary ln:- 
tween it and substructure, is *!way b ifidd-discvrdanct. 

Evidence as to tlie arrangement of the koucs of folding that compose 
the substructure, and the date of their formation, is afforded not only by 
their position within the sequence of geological formations, but also by 
their position m the earth's surface. Those of more remote periods are 
shown to have just as regular a distribution as the fold belts of geolo¬ 
gically recent origin, In the first place, there is an increasing certainty 
that, on the whole, the folding includes wider areas, the earlier it began. 
]n the Archaean, a period of unknown duration, no part of the crust was 
exempt from folding. Archaean heds ore always folded, whenever they 
Lave Itcen examined- This folding certainly did not lake place simul¬ 
taneously all over the earth, but successively both in time and place, As 
far back as the Upper Silurian and Lower Devonian, there had been a 
substantial narrowing of the area in which folding recurred, Sn Eur- 
Afrka, for example, the region folded at that time extended only from 
the north of Scotland to the central Sudan. A further narrowing had 
taken place by the Upper Carboniferous—the region of folds then 
stretched only from southern England to the Sahara south of the Atlas 
lands- and hy the Tertiary ivt find the ^currencc of folding limited to a 
narrow strip traversing the Mediterranean Sands in a winding course. 
Similar successive narrowings of the folded area have been established 
for the two Americas, Asia and Australia. It is a universal phenomenon. 

Thus, in course of lime, these properties of the crust which allow the 
HtraU of the superstructure to be compressed and folded, are lost over 
wider and wider areas. The visible parts of these areas withdrawn from 
folding, made rigid as it were, are called continental maw, and the 
mantle of sediments, in so far is any were laid down, k preserved with 
little disturbance to form the superstructure. On account of the zonary 
narrowing of the fold belts, the base of this is usually at a lower 5trail- 
graphical level the further it is from the Mesozoic-Tertiary strip of 
folding. 

The development of the crustal stricture is according to law. Up to 
the present, it li as led to com faction, into two narrow belts, of the zones 
within winch folding could originate: one of these, the Pacific hr It, stir-* 
rounds die Pacific Ocean; the other, the Mediterranean belt, stretches 
fr.jTn the Atlantic through the .Mediterranean region and south Asia to 
the Pacific Ocean, where it joins the Pacific bdL These are a<wr« of m- 
itoMily. in which we recognise remains of earlier, much more extensive 
zones that had similar characteristics. Loss of instability cannot be 
traced to folding. Otherwise those areas in which the superstructure lisd 
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once been folded to incompetence would thereafter remain stable, so 
acquiring and retaining the pm}>crtic& of the rigid continental masses. 
Obviously this ia not the ease, in the Alps, as well as in other young fold 
mountains, the marks of Permian, Carboniferous, and still older periods 
of folding are id many places visible in the uncovered basement of folded 
Mesozoic*. Folding does not prevent the recurrence of folding at the 
aamc place. Folding causes tchttever material in the superstructure is 
capable of folding fo become incorporated in the substructure' but the rruslat 
instability is in no may r moved. This instability in not just due to the fact 
that the rock material is capable of being folded, but is the property 
which the crust possesses of carrying out movements nf a special kind; 
and it does not jhjsscss this property outside ihe zones of instability. The 
moat outfitanding feature is that within these zones the earth';* cro*r is 
able to sink down into deep elongated troughs* troughs within which 
sedLinenrs accumulate throughout geological periods, so that a specialty 
thick superstructure is produced (gcosync lines); and later, during and 
after the folding of this, they rise again* to form mountains. But it must 
lie emphasised that the folding, and the rising of the folded parts with 
their substratum to form mountains, by no means destroys the ability of 
the crust to sink again at the same place to form a trough of sedimenta¬ 
tion* nor prevents its filling material from being yet again folded. Thai 
ability' of the superstructure* on reaching it certain thickness, to sink 
down, to become folded, and to rise as mountain chains* is however lost 
in course of tame to ever wider areas, as may S^c seen from the way in 
which crustal structures behave; or, in other words; the rigid continental 
mas m graze at the expense of the zones 0/instability. 

It is the conditions in the superstructure which best reflect the differ¬ 
ences in nature between stable continental masses and the zones of in¬ 
stability. On the stable blocks, it is, when present, of slight thickness* 
and has no deep sea fortaaunns. liBsimctundcharaeteristk, ilal bedding* 
b retained even if it ban l>cen affected by crustal movement, has suffered 
tectonic disturbance and has become, cm a rising continent* an area of 
denudation. In the unstable zones it i% far otherwise. In narrow sub- 
aiding troughs there accumulates a superstructure tlue thickness of which 
is to he measured in kilometres, and includes Virata having abyssal faciei. 
If involved in crustal movement, it loses its structural characteristic^ it 
becomes folded* and thereafter behaves hke any giber part of the sub- 
structure, the folding of which may go hack any distance in time, pro¬ 
vided it Is not part of what has already become a definitely rigid con¬ 
tinental block. 

In thin way we learn* from the fate of the superstructure* that crustal 
movement* are of a different type in stable and unstable regions. Apart 
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from seismic and magmsiltc phenomena, to which we shall return in 
another connection, this difference b reflected particularly in the alti¬ 
tudinal form. 

2. THE ALTITUDINAL FORM OF THE EARTH’S CRUST: 
HOW IT IS BUILT UP 

The stable and the unstable regions coincide respectively w ith, die 
two systems of major fund forms. In each, there are elevations and 
depressions, of a common type and of a common order of magnitude, 
standing opposed tu one another. Continental masses and oceans form 
the one system. This comprises by far the greater pad of the earth's 
surface, and the second system, arranged in two narrow he! 13 , divides it 
into three self-contained units. The first of these lies around the North 
Pole and is formed of North America cast of the Cordillera and north uf 
the Antilles, Greenland and the north of Kurasia, including the islands 
and seas in between. The second is made Up of South America east of 
the Andes. Africa south of the Atlas, the greater part of Antarctica. 
Australia and India, with the Indian and South Atlantic Oceans. The 
f’.idfic Ocean covers the whole of the third. I’hese three areas are un¬ 
equal in size, this luting determined by the course of the two mountain 
Kelts mentioned above: the Pacific belt which is firmly welded on to one 
side of the continental masses whilst on I he other it faces the Pacific 
Ocean; and the Mediterranean belt, the greater part of which is between 
continental masses lying to the north and south. Where this reaches the 
sea it, like the Pacific belt, gives rise to a ‘strike' coast, called by E. Stress 
the Pacific type of coast. It may be contrasted with the Atlantic type, 
which is not formed by rones of recent mountain building, but cuts 
across them and frequently also across the older Structures, I fowever it 
occasionally runs almost parallel to the hitter for thousands of kilometre®, 
as for instance in the case of almost the whole north and east coast of 
South America as far as La Plata. Just as the Pacific type of coast charac¬ 
terises the mountain bells, so the Atlantic type forms the noeanic boun¬ 
dary of the continent jI masses. Apart from deep-rooted contrasts of a 
seismic, and even more of a magmatic nature* 1 , the furm of the land 
surface is the most obvious indication of tliis typical arrangement and 
delimitation which present some of the most difficult problems of geo¬ 
logy', and obviously are the result of an extraordinarily long development 
controlled by definite laws” (sec p, 33}, Ho far as the oceans and con¬ 
tinents are- concerned, iliis surface modelling, in spile of all kinds of 
differences in detail, is characterised by .rorld-ivide uniformity. The 
simplicity of the ocean floor, which has an average depth of between 
4000 and 5000 metres, has been confirmed bv all the more recent sound* 
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ings, and it is not to be expected that □ further increase in density of the 
still wide-meshed network of sound in gs will invalidate the result of our 
present knowledge 31 , The form of die continental surface, including the 
shelf seas, is no different in nature. Steeper sloped, locally with the steep¬ 
ness of precipices, form a link between die simple features of the ocean 
floor and the gentle relief of the continental platforms. These have, as a 
rule, no very great relative or absolute height. 'Che steeper slopes, found 
at the continent til margins and more particularly in the mountain belts, 
are thus features alien to the elevations formed as the continental surface 
buckled in various ways, Take any part of the crust which has undergone 
uniform movement, and express as a fraction the ratio between its alti¬ 
tude and its horizontal diameter—that is. its angle of slope, its slope 
being that of a plane touching the individual heights carved out by 
denudation. It will be found that the average value of this fraction is far 
smaller for areas on the continental masses than that which b typical of 
the narrow elongated elevations occurring in ihr mountain bdt*. 

The youngest folded structure found in the stable regions is late 
Palaeozoic. With few exceptions, the upwarpingr. of the continental sur¬ 
face cm across this structure, thus showing in ;i direct manner that they 
are of more recent origin. Hut even where, as in the upstanding massifs of 
the [nils or the Appalachians, their extent is determined by the course 
of the old structure, a w ide gap of time separates their origin from that of 
the folds; the upstanding mountainous feature is a creation of geolo¬ 
gically recent date, and has not the least connection with the folding of 
the strata- They cannot IjC tailed “fold mountains'. 

fold mountains, the characteristic or which is the approximate co¬ 
incidence of fold structure and mount at non* elevation in extent, arrange¬ 
ment and time of nrigin, occur today only within the two mountain belts, 
which arc the second system of the earth's major forms. In general 
terms, the raised forms are elongated and comparatively narrow arch¬ 
ings of the crust which usually fait a curved nod even festooned course; 
sometimes they bend right around deep has ins tilted by the sea—e.g. the 
Mediterranean region—or amund continental basins of the same type as 
the Pannonian Basin or that of eastern Turk is tan, They are systems of 
closely ranged chains; ami in certain zones, such as Inner Anatolia, Iran, 
Tibet, Puna de Atacama, etc., their height above the intervening troughs, 
i.c. the relative height, diminishes, while at the same time the whole 
system is apparently increasing in average altitude and tn w idth. In these 
cases, the individual chain? may Ik wen to separate further from one 
another and even to die Wit. so that the longitudinal depressions fuse 
together, thus widening to form high-lying basin-like hollows. These 
systems of mountain chains are regularly accompanied by zones of sub- 
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sick-ncc, the marginal deeps, which art more or less their equivalent*. 
They, ton. appear to differ in their nature. One sort, including the deep 
sea troughs, are apparently geosyncline* <»f the ?ame type as the Mc$o- 
zoic sedimentation troughs which were later transformed into lines of 
folding. They are usually to he found quite close to them. The Adriatic 
Sea, with the Plain of the Po, belongs to this type. As regards gravity 
compensation, their behaviour is different from that of the equally elon* 
gated regions of subsidence of the .Alpine Foreland type" 1 , which are not 
confined to the neighbourhood of the Mesozoic-Tertiary fold zones hut, 
like die Gran Chaco - Pampa trough, for example, may also occur with 
systems of ranges showing no recent folding. Just as the chain mountains 
in general tower above the mean height of the continents, so the corre¬ 
sponding marginal deeps, genetically connected with them, sometimes 
sinh to considerable depths below the general level of the ocean floor. 
The earth’s greatest altitudes and its greatest depths belong to tht 
mountain belts' and between these extremes, the elevations above aea- 
levd and the depression* below it attain a matchless variety of form. 

The occurrence of fold mountains, as defined above, where systems of 
mountain chains exist, led to the idea that the mountains were due to 
'up-folding', E, Sliest in particular set forth this view in his book The 
Fact of tht Fatih. It wtls thought that the mere folding of strata could 
produce an actual absolute uplift of tht 1 rock forming the earth’* crust, 
tn Europe most of the important elevations do characteristically show n 
Mesozoic-Tertiary compression of strata, \hu*oic and more receni in 
age, so that this concept was a possible one; and the same connection can 
dsn be traced in mountain chains of southern Anatolia, southern Iran, 
and on through the Himalayan system to the furthest of the Sunda 
Islands. 

Yet, for the two Americas, even though analogous features do occur, 
to some extent, It b often impossible to maintain a causal relationship: 
ahitudinal form because "I folding 

Opposed to this arc two ret* of important facts; first of all, we Itnnw 
from experience that intensity of folding does not correspond with 
greater or less development of altitude Take, fur example, the lower sur¬ 
face of the Gosmt transgression in the Eastern Alps. Following it out, one 
finds that, with a change of facies, it becomes detached from the concord¬ 
ant series of strata which at one time formed the Flysch ford and, and 
transgresses along a denudation surface of tlattiah form very little broken 
up by vertical dissection; it passes over belts which are highly folded and, 
i little further to the south, even overthrust, Then, in the region of the 
inner and must violently disturbed zone of the Calcareous Alps (fij*chcr 
nappe — Kahn's Tyrolese unit and Juvavian nappe) it comes on to a 
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moderately dissected mountain land, penetrating its valleys. It seems 
that prO'Gosau movements had formed die central parts of the Eastern 
Alps into majestic mountains; but it is by no means certain itiai sny 
equally severe compression of strata took place there. It ^ents unlikely 
that the nre-Gosau hilly country mentioned above, and the peneplains 
(piedmont flat) of the same age which adjoint it to the north, could have 
been produced from a mountain region of moderate or perhaps great 
height during that short period of most vigorous crustal movement be¬ 
tween the time when it arose and when it was covered. 

Features of the outer ranges of the Dinands and of tlie western Taurus 
are no Ie-s impressive. Crossing from inner 10 outer Kon.cs. ever higher 
horizons beginning with Lower Cretaceous, transgress inwards towards 
the mountains over a violently folded sub-stratum, alunj; what is gen¬ 
erally a perfectly graded pcneplimc. Each successive zone outwards in¬ 
variably shows that the transgressing strata were later themselves folded, 
and then in a similar w ay covered hy younger horizons. There can never 
have been anything hut more or less graded pencplanes at the places 
where these surfaces of transgression now occur; for outwards (what was 
then seawards] they end in bedding planes. I lus is quite apart from the 
fact that the intervals between the periods when folding began and when 
the folds were covered in (and these were quite brief, especially in the 
outer zones} were times of very strong crustal movement which absol¬ 
utely precluded the formation of end-pcneplanes. Exactly the same 
thing, but extended over the whole area of fold me. ■ * found in the lonea 
of I'pper Jurassic folding in the Pacific mountain belt and of the 
slightly younger, pre-Cretaceous phase of Saturnian folding in Central 
Europe, In both regions, the covering strata transgress on to and over 
beds which arc of t-'pper Oxfordian age in the Pacific belt, and of Lower 
Cretaceous in Central Europe; and in huh. the surface Mow them is j 
perfectly graded land surface, a peneplanc, as can easily be verified in the 
neighbourhood of the Westphalian Cretaceous syndine. In western 
Argentina the unconformity passes into a bedding plane; it corresponds 
to the duration of the Lower Oxfordian, i.e. a very brief period and one 
of tectonic unrest. .YU the same, the only land form present is a pene- 
plane which cannot under such circumstances bavr been produced from 
more vigorous muddling “iLhas mountain country. The position in the 
district of the Westphalian Cretaceous •.yndilte is analogous, and still 
clearer. The Cretaceous there iraittgres&cs over a penr plane which can 
he dearly seen both at lire edge and also, by mean# of borings, in the 
interior, it stretches south-west to north-east, in the direction of the 
former slope, over the Vnriscan structure of the Rhine Massif, its early 
Mesozoic deposits, and the zone# of Sax on inn folding and faulting. In 
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the same direction, the Cretaceous reties from Cenomanian to Yalan- 
ginian and Wealden is gradually completed downwards, the Jurassic 
series* from Kimmeridgistn and Wealden upwards, so that somewhere 
dear Bielefeld the unconformity passes into a bedding plane, 'Fhj$ posi¬ 
tion, twj T makes it impossible for there ever to have been any other land 
forms than this graded peneplain on Lite folded substratum (see p. 165)^ 
These instances, the number of which could easily be multiplied, show 
that Folding i* not always connected with the production of mountain 
heights; and rlvu.1 a sharp distinct ion must be mode between the folding 
of strata and the raising of the folded strip. 

Again, and more important still, insufficient attention has been paid 
to the fact that the McaqomtC-Tcrtiaiy zones of folding form only a frac¬ 
tion of the moon tain belts of the world. These by no means coincide with 
the fold bclt% but reach out far beyond them. Even in the narrow 
Dinsxic-Taurie festoon, and to a greater extent further eastward (inner 
Armenian-1 ramao ranges—Pamir], it becomes clear that the mountain 
ranges have nothing at all to Ju with the lines of recent folding, Either 
they cros* them ai an acute angle (Anatohas^ or, mure communiy F tliey 
are pam of the cnist having a superstrncture not folded at all, or 
scarcely so, and a substructure folded al some far distant period of earth 
movement. I lore it k quite evident that folding and raising are indtpen- 
denr processes, separate J in time. The Central Asiatic systems of ranges, 
often exceeding 6,000 metres in height, which occur north and north¬ 
east of the I limokya Kune and stretch to the Behring Sea, 93 well as the 
greater part of the Andiiie ranges of both die Americas, belong to this 
class of mounuius. Fur a long time it w as thought that they were systems 
of tilled blocks, ur lung narrow hursts lifted abuse equally narrow rifts: 
thus overwhelming importance was assigned to the formation ot faults, 
even though their existence was not always proved, very often nut even 
sought**. 

It has recently been shown that this division Ernes ranges, separated by 
longitudinal depressions, is the result of tindulatory warping which, in 
certain areas, affected and is still affecting a peripheral crustal shell, 
obviously sheared. In their essence, the range* arc anticlines, the troughs 
syndmes. Broad folding* was the name given to the process**, So far as 
can be seen at the present day. U is regularly accompanied by sinnJ* 
raucous regional arching of the whole block which is being folded. 
Faults and overthrusts may develop when the broad folding readies 
*rage* of increased intensity. But they ore features accompanying move¬ 
ment of a higher order, and are associated with the properties of the 
material being moved mid w ith the degree of intensity of the movement, 
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Thus they do not, as has been frequently proved, influence the general 
character of the movement; this can always be re^gubed ns an undula¬ 
ting or folded arching I triuiiiiiaiii arch) of extended pJm.se. There is good 
foundation fuF the belief that upfoldmg is not—as wa$ originally 
thought"—the effect of an extraneous compress Eon, but is an intrusive 
enlargement of the area affected, and thus consequent upon she entry of 
magma into the crust 

Very often—for dry regions one may *vy usually—lhe hroad syn dines 
art areas of deposition. It has been shown, for the Andes of north-west 
Argentina, how arching of the ranges reacts Upon the correlated* strata 
which have accumulated in the sytidim*, how they are distorted and 
folded. Analogous? phenomena have been found in Anatolia, in the l ien 
£han and Persia, in the Simda Islands and m several other parts of the 
mountain belts*'l This may, among other things,, account for the differ¬ 
ence of opinion as to whether the Island of Celebes is of fold-mountain 
structure or not. Apparently the champion* on the one side cottaidcred 
that the essential feature was the folded Xeugcnc in the broad synclino; 
whilst the other* took ii to l>e the Eocene which is occasionally visible on 
the broad antic Lines and is not folded at -ilh or seared y so. Our attention 
is thus directed to another quest ion, extremely important from the 
morphological point of view. 

3. CONNECTION BETWEEN ALTITUDINAL FORM AND 
THE STRUCTURE OF Tip EARTH'S CRUST 
A sharp division in time between folding and up-arching of strata 
clearly seen w here broad folding has affected mountain belts outside the 
Mesozoic gcosynclines. does not csint along the lines of the Me&uObic- 
Tertiary folding itself, Here ait overlap in lime has l>een established for 
the origin of individual lines of folding and their elevations .15 moun¬ 
tains. This, together with the fact tliat they coincide in space, show* an 
inti mute connection between these different effect* of mountain-building 
forces. In the western Tamils bundles uf folded strata and packets of 
rock slices are combined into single ranges of braid folds which sub¬ 
divide the raised Tauric are, pouring i regular up and down effect, 
parallel to it* strike Broad folding, which has produced the system of 
ranges, is here eonrinuaiioti of the folding of the strata and outlasts it 1 *, 
In the Alps, too, conditions are similar- Their compLirated structure, 
and the far-reaching dissection into regions of peaks and regions of 
valleys make it very difficult to find the answer to the problem under 
consideration; bm youthful movements of the type of broad folding 
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probably did occur, and have Iwcn structurally proved fur their eastern 
end 11 . Here, too, broad folding is the process which outlasts the lidding 
of strata and which produces the altitudinal form of the mountain masses; 
and it ia the same in die Andes of north-west Argentina where, also, 
packets of completed folds have been raised in broad folds. Similar ob¬ 
servations have been made in the region of the Mesozoic geosync line of 
eastern Mexico, and in the Basin Ranges of North America**. The same 
dune appears very distinct]} in eastern Greece and western Asia Minor 
within the Ditarie-Tauric festoon. Here the laic Mesozoic and early 
Tertiary told lines play no part whatsoever in building up the altitude of 
the mountains, but are cut transversely across their strike by the ranges 
which are typical broad folds 1 *. Thus there are already many imhtahons 
that broad folding is the proems which determines the altitudinul farm of the 
mountain belts. It probably also determined the zones of M csozoie-Tertiary 
geosyntSttex in which the sediments, now risible along the hues of folding. 
wfte deposited. For it seem* to he generally true that the broad fofdag con¬ 
tinues. at it were. the folding of the strata, and in any case outlasts it; so 
ihaf its irjj Jttt—iht altitudinal farm of thv system of ranges becomes evident 
irheti thr folding of the strata is approaching the phase of incompetence 
thereby the material of the superstructure becomes incorporated m the sub. 
structure. Then, as may be seen hy inspection, the line of young folds 
behaves, in respect of the mountain-building processes that are still con¬ 
tinuing, like that of any other pare of the substructure within thr /ones 
of instability S4 , however long ago this may have been folded That is, 
the line of young folds is included in the bioad folding, 

Structure and altitudinal farm are different effects of crust,il movement. 
The question is to find what structure belongs to any given elevation, or 
increase m altitude, of a purl of the earth’s crust- It would, ofcouree. be a 
mistake to buk for connections between, for example, ihc \ aram Sold 
Structure of the Han and its present altitudinal form. They are due to 
entire!v different acts of formation. The movements which made the 
Hare into a mountain mass are structurally recorded, not in the old folded 
substructure but in the superstructure which, deposited at the side 
and on the top of it. baa been dragged and tilled on the one side, and 
on the north side is pushed over and overthmsl. This indicates a definite 
and esjcnlial feature of die crustal movement that produced this 
effect, viz. its direction. It is, therefore, just like folding in being bound 
up with the existence of male rial capable of being folded, in the absence 
of which it cannot occur, even though the nature and direction of tile 
crustal movement is perfectly adequate. Quite generally, the structural 
record of any process of endogenetic movement which has produced 
name upstanding part i$ associated with the presence of material 
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tltat tan be deformed, Lc, primarily with str.iia of the superstrueinre 
which liefore the disturbance w a £re deposited at the side and on the top 
of the portion of crust subjected to the movement For the tectonic 
expert, difficulties begin only with the absence of a superstructure in 
which stratification can record how the crustal movements have oper¬ 
ated, i.e, when thi^sc movements are indicated merely by the crucial 
elevations. Ktery crustal mot cmeat leaves 1 it traces in the superstructure, 
and the sum total of flu tf phihes up the strut tart of thr garth* $ crust. Not 
only does this structure dhfer from place to place,, but also it was pro¬ 
duced at very different periods, Jt is preserved ns a disturbance of the 
bedding; hut the other effect of the crustal movement, the altitudinal 
modelling or the vertical upbuilding, is not durable, Should the move¬ 
ment die out anywhere, denudation removes all the parts that had been 
left projecting* and the depressions are filled in; the structural features 
alone remain. 

There is thus every reason for the geologist to direct Ida full attention 
particular!) to those phenomena which represent the sun: Mat of the 
actual effects of the crustal ni(wrmetih, effects which art related to mi 
another hath its time and in rmde 0/ origin^ t tz. structure \su altitudinal 
form. Only at such places, and with what luu* so far received little atten¬ 
tion, a more detailed working out of the relations between these two 
effects, will it be possible to arrive at a well-founded judgment regarding 
the essential features of the crustal movements ant! the course of their 
development. 

It is quite obvious lha! the structure may give no due as u> the course 
of the murantmte producing it. Under persistent compression, strata are 
folded to incompetence, What is then observed is* first * nut the cessation 
of the forces that produced the folding* but the conclusion of the fold¬ 
ing. U, the fact that the material has become unsuitable Fur the same 
reaction to the same forces; and secondly,, the total .uiruiinc of disturb¬ 
ance which ha* occurred up to the time erf ubaervution. Suppose that a 
set of strata is being tilted by one-sided uplift, e g. on the flank of an 
arch, and by similar amounts m similar intervals of time, in due course 
the tilling increases to a limiting value (vertical position). In such a case, 
could observations be made at different times during the carth + s history, 
they would convey the picture of different degrees of disturbance, which 
in every cose would give the total amount of disturbance wliich had been 
reached up to the isme nf observation The itructurr is alicayt the turn 
total of individual effects; and tht disturbance is found to be greater, the 
greater the amount that sum Mol reaches, W ith a ghen intensify of crustal 
movement r structure it a function of time. 

This do« nm apply Ml the altitudinal form, as the following reasoning 
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will show, and as has been directly proved ! n die A >*en a m ms mentioned 
above (p. £2 ff,)> If ^ part of die crust, carrying a flut-hedded toper- 
structure over an old-fold substructure, should he arched up + it will at 
the same time be denuded. It can gain in height only when the uplift acts 
more quickly dun the denudation working against it. Suppose the arch¬ 
ing to take place very slowly, m slowly that denudation can work 
against it with complete success, from the very beginnings die block 
cannot grow in height even when uplift lasts indefinitely, unless this 
latter becomes more intense, he. quicker. During the course of such. 
long-enduring slow uplift, the superstructure will vanish except for the 
marginal £ones r Heft the strata are tilted and upturned, mote so the 
longer the movement lasts; but the altitudinal form remains unaltered 
and email. It dues not increase with time, unlike the degree of disturb¬ 
ance of the strata lying above ur against the upraised part, and unlike 
the total amount of denudation and of course the thickness of the cor¬ 
related strata. Ii does increase, however, with the intensity of die crustal 
movement, for a gittw duration frf crustal wtrU'rmtnl t the altitudinal farm 
of far earth's crust is o function of the intensity of uplift ; This is the reverse 
of the relation for crustal structure. 

This fundamental connection brings out must dearly the reciprocal 
relationship between tectonics and morphology. When the structure is 
examined, it give* quite different information as to the essential diarac- 
terisiicsnf the cruami movements from that found by examining tile Jtb 
uidmal modelling, with its set of land form* Tectonic and ntarphvlogicai 
studies it re com piemen ta r i 1 to each other: thtvns not a substitute far thcotkt r. 

it cannot be said that in research work generally t his clear relationship 
between the structure and the Upbuilding of the earth's crust [altitudinal 
form) takt$ the place which its fundamental importance deserves, especi¬ 
ally with regard to morphology- Aa already mentioned, there is frequently 
lacking that sharp distinction between the dynamic and the static ele¬ 
ments in the endugenctic conditions, between causes md effects, which 
is absolutely essential. Then, above all* the assumption that the alti¬ 
tudinal form may be thought of as something given in a completed form, 
somehow- produced in the past by some process of uplift now at an tnd a 
prevents the two static en doge net k phenomena from bring balanced 
against one another and correctly appraised as different effects? of endo- 
genetic processed Finally, reaction ngidnsl the cycle concept of Davk, 
who did try to separate the endngcriefic conditions correctly according 
to their nature, has played an equally important part in creating a school 
of thought which emp Wises the morphological significance of the earth** 
structural character (that of the rocks) to a degree which obviously can 
no longer bejirtd&d 
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1 or the most beautiful structure cannot be expressed morphologically 
if it is. for example, covered by the sru or reposing deep down in the 
trust. Before the structure of any portion of the crust can become visible 
through differential denudation (assuming that there arc rocks differing 
in their powers of resistance) it must first be uplifted and exposed to 
denudation. Only then can there take place that adaptation of denuda¬ 
tional forms to the character of the rock which lias been already men- 
tinned. This process does urn work quite simply; various other processes 
depend on it; and wc shall see later that so far the most important of 
diese has been completely overlooked. The need fur following the process 
in detail has repeatedly been streamed; yet the scope of morphology 
would be restricted and meagre, were morphologists to be satisfied with 
investigating that self-evident process of adaptation, which must of 
necessity take place wherever denudation occurs, Attention should be 
drawn primarily, as the main object, to the processes wideh make denu¬ 
dation possible; the detailed adaptation of forms, dependent on this, 
should take a secondary’ place. These processes arc the crustal move¬ 
ments which give the earth's surface its altitudinal furm, so providing 
the processes of denudation with the gradient they need. Regarding the 
structure of the earth's crust, the question must again be put as to 
whether and how far this can be taken ns something finished, something 
given, union gut the premises for morphological investigation. It turns 
out to he a question of whether the structures observed are completed, 
or are undergoing further development whilst denudation is at work in 
the area where they occur. The answer varies accordingly; and here it is 
nor wrong, under ail circumstances and in every case, as it is for the up¬ 
building of the crustal altitude, to consider them as completed and to 
treat their relationship to denudation from that point of view. Uplifted 
and uncovered pain of the Variscan folds do possess a completed inner 
structural plan. I bis does not alter wliile denudation is wearing it away, 
nor does denudation receive its impulse in work from /W crustal 
movements which once upon a time produced thin structure. Rather 
docs this come from the very much later movements that created the 
upstanding part. The same is true for the Appalachians* with their 
structure of very regular old-fold*. It is this fortunate situation which has 
played no small part in leading to the detailed elucidation there, by 
Davia and his pupils, of the adaptation of the drainage net to the given 
fold structure, with the etching out of this latter. 

It b most instructive to compare this with the Swiss Jura, a sedimen¬ 
tary block where the main folding set in during the Pliocene. The sur¬ 
face, consisting of antidines and syncHaes, lias b«n denuded to varying 

extent*, the process beginning at least as far back as the Eocene and 
c _ * 
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continuing since then uninterrupted]? and to an ever increasing degree, 
Here the folds were formed and continued to develop whilst denudation 
was working on them. On the rising anticlines it found and is still finding 
ctidogenedc conditions different from those in the sync lines which are 
relatively sinking. Study of the morphological development of the Swiss 
Jura, and of the way in which the drainage-net as wetT as individual land 
forma lisve become adapted to the folded structure, can by no means 
begin by taking that structure la a given clement, already completed; but 
it must take into account that it lias, been formed and ha* developed 
whilst denudation was going on. Ju the bolded jun the development of 
laud forms may be expected to depend upon the constantly cltanging 
Intensity of the cndogenctic movements in the someway as it has been 
shown to do to a greater extent in the area of broad folding*. Speaking 
quite generally, when crustal movements have produced, as it were, 
images of themselves in the present relief, the structural features of the 
stratification exhibited in denudation areas cannot all be taken as finally 
fixed, and so treated in the study of their morphological development, 
bur wherever the characteristic features of the land forms are to any 
great extent determined in their details by the character of the rock, their 
deiefopmfnt is immensely affected by thc/uj'fArrgmu/A of the structure. 


CHAPTER HI 

REDUCTION OF ROCK MATERIAL* 

O nly here and there, and fora limited time, dii rocks freely exposed 
aX the earth’s surface still preserve the characteristics due to their 
mode of origin, i.c, outcrop w it h chemical composition and texture un¬ 
changed. Instead, there is a rone of altered rock material covering almost 
every place where material is not being deposited, bat is being removed 
by' denudation. These rock itetiroim&t form the actual surface of the solid 
earth. Their thickness varies considerably; on steep rock faces thev are 
absent or reduced to a weathered crust of only a few millimetres; their 
thickness generally increases as the gradient of the slope lessens, and 
may reach tens of metres. At the same time tlic nature of this mantle of 
altered rock changes; it consists of fragments of more or less fresh rock 
mixed with substances in which the original properties of the rock 
material can no longer he recognised. The quantitative ratio of the 
tuck fragments, the nibble, to the products of completely transformed 
ndc U very varied and changes from place to place in a characteristic 
manner. In just the same way there arc regular differences in the chem¬ 
ical nature of the transformed: products, Not only cart these lie referred 
back to differing degrees of transformation, but they also affect products 
of the same degree of transformation as found in the various parts of the 
earth. In spite of all these differences, the substances in question have 
tins in common: their formation is associated with a loosening of rock 
texture, leading to a complete disintegration into separate particles. We 
therefore speak of reduction of the rock material. The longer the process** 
of rock transformation are at work, the further this reduction is carried; 
and it cease* only with the formation of unalterable end-products. Con¬ 
sidering their mechanic a] p to perries only, they are in a state of the greatest 
possible incoherence and su posses* the greatest possible mobility, the 
progrcinre reduction of rock bring? about manning mobility af the eruital 
materia!. 


i. NATURE OF WEATHERING, EXPOSURE 
'Hit very fact of the reduction of rock shows that what is exposed is 
not in a state of equilibrium. This is true not only for the crystalline 
• Aufbrrritiing, like tflo-rtrtjy.] 
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■silicate rocks, but also forsediment* of every kind. Both owe their chem¬ 
ical and mincratogiad composition, their texture and their structure 
(jointing, foliation, stratification, etc.), not only to the nature of the 
original material. hut just os much to the physical conditions under which 
thev were formed and to the various processes that have occurred at 
their place of formation. Thus for the origin of igneous rocks, of crystal¬ 
line schists, atid of chemical sediments, there is always a definite critical 
pressure and temperature; the properties of other sediments, especially 
their cohesion, depend upon the processes of consolidation included 
under the term dhgenris. (cementing by precipitation from circulating 
solutions, and especially the changing of colloidal constituent- int i a 
crystalline form). As regards the sum total of the factors influencing 
their origin, the rocks are in equilibrium; and they would preserve the 
characteristics due to this unchanged, were the external conditions to 
remain unaltered. But these conditions arc changed when the rocks come 
into contact with the atmosphere, and are thereby exposed to the forces 
acting at the visible surface. 

Directly and indirectly, these forces depend to an overwhelming ex¬ 
tern upon solar radiation. The other factor is found in the chemical 
properties of the mobile coverings of the earth. Rock is no longer in a 
State of equilibrium when it ha- been torn away from the surroundings 
associated with its formation, and exposed to fluctuating temperatures, 
varying amounts of moisture, and the chemical action of water, carbonic 
acid, and various other agents with winch it comes into contact. There 
are in addition the mechanical and chemical effects of the biosphere, 
particularly of the plant cover. The rock materia) can no longer exist in 
the inmt: form, and hxs to adapt itself to the new external condition*, i.e, 
a Irtish State <-f equilibrium must be attained. The process of gathering 
co nsuls of the physical and chemical changes thus brought about. 

Weathering is, therefore, a phenomenon associated with the adapta¬ 
tion of the matt-rial to the physical and chemical conditions prevailing 
at the earth's surface. The necessary condition for its occurrence it the 
rjcposjiTr of the rock surf aft to atmospheric conditions; and it cannot con¬ 
tinue unless this exposure is presetted. At first, there is the same degree of 
exposure at all parts of the surface, independent of gradient. If, how¬ 
ever. differences do develop, it is the result of the subsequent phenomena 
due to reduction of the rock, or eUe it is the effect of vegetation covering 
the rode surface. On the whole, the rock is reduced to a greater extent, 
the greater the area of rock surface freely exposed. Comparing upstand¬ 
ing areas of the same stv.c in ground plan, bur of different heights, those 
of greater altitude have steeper flanks and a greater surface exposed to 
weathering. Therefore, for the same conditions in respect of rock prop- 
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erties and climate, there is a greater amount nf rock reduction and more 
fresh ruck given over to weathering than where ihc height is less (assum¬ 
ing equal base measurements}. This is one of the reasons for what is to 
be observed all over the earth, the fact that on grater heights with 
steeper dupes there is mine thorough demolition of the rock than on 
lower elevations w ith gentler slopes. 

It is impossible to overestimate the significance of exposure as influen¬ 
cing denudation, and of the processes at the earth's surface which prepare 
for it and bring it about. Special attention must therefore be given to 
tracing the conditions which determine the preservation or, as the case 
may be, the renewal of exposure. 

2 WEATHERING PROCESSES * 1 AND THEIR PRODUCTS 

The processes which take part in rock reduction fall into three cate¬ 
gorical («) physical, (AJ chemical, (e) physico-chemical, tn the first group 
are liaise of m&ktuiktif ttvathfringi they bring about mechanical dis¬ 
integration of the rock without altering the composition of its substance. 
The second group is that nf chemical weathering-, its effect is the truns- 
formatimi of the substance. Near the visible surface, rock is disintegrated 
into fragments of various sizes, as a phenomenon accompanying the 
change into chemically-Jeered cod-products. ’Hie process of solution 
belongs to the third group. In many ways it is connected with chemical 
reactions, and is therefore generally ranked with chemical weathering; 
but. it may attain creat independent significance. It also is accompanied 
by surface disintegration of the soluble rock imo fragments. 1‘he three 
processes of destruction do not w ork separately, but we to be seen act¬ 
ing simultaneously all over the land surface. 1 lowcver, from one region 
to another, the pint which each plays in rock reduction varies in im¬ 
portance. 

{ a ) Mechanical Rejiuctiun 
Effect of Insolation 

All over the world the must conspicuous feature nf weathering is the 
mechanical loosening df the rock fabric. Immediately above the un¬ 
altered rock there is always to be found—that is. apart from certain 
exceptions to be considered later with their causes—a rone essentially 
composed of rock fragments with the same general composition as the 
underlying rock (the nibble horizon, or rocky horizon, of the soil pro¬ 
file). Physical and die mica I processes share in its formation. Amongst 
the former, special importance must be attached to the factor chiefly 
responsible for mechanical weathering, nanicly. fluctuations in tempera¬ 
ture at the rock surf ace, or ground tmptratum. 
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Fluctuations in the temperature lead to ihjctuatitmH jn the volume of 
the rnck: and in the long run no rock fabric can withstand this. The outer 
surface of the n>ck expands and contracts, with the changes in tempera¬ 
ture mure readily than do the interior parts. Thus tensions are set up f 
and in spite of the smallness of the amount by which the volume varies**, 
they cause ilakes to split off from the surface* Where rooks are granular 
ant! composed of several minerals, differences in their coefficients of 
expansion also play a part, unequal expansion and contraction effecting 
disintegration into die grains of the individual minerals. 

For tills kind of mechanical reduction, the derisive factor i$ not the 
absolute magnitude of the temperature differences, but the rapidity with 
which they occur**. The more quickly expansion and contraction follow 
nac another, the greater are Lite tensions in the rock, and It h these w hich 
bring about its disintegration. With slow fluctuation* of temperature 
the material has time to adapt itself; the tensions are in this case small, 
and insufficient to burs! the rock fabric apart. Thus the differences in 
the air temperature* which are passed on to the ground* matter com¬ 
paratively little for the disintegration of rucks: the contrasts between 
summer and winter arc of no importance, those between day and night 
only where they succeed one another rapidly. This is, however, the case 
in arid 1 veils of the world and in the central parts uf eontlnentii 4 *, since 
here (t) atmospheric moisture and { 2 ) ground moisture are slight or 
absent altogether. As a rule, moisture in fhc atmosphere decreases the 
amount of heal received and that radiated:* Thut changes in the ground 
lemperature are slowed down and their range diminished. On the other 
hand, ground moisture absorb* a large part of the heat supplied to the 
ground, and on cooling gives it up Again hut slowly. In this way, the 
heating and cooling of rocks are very much lessened and slowed down. 
For these reasons, the due mat ions of ground temperature in the moister 
climatic regions have scarcely any practical effect on rock reduction. T he 
horizon of stony soil seen there usually owes hs origin to other cause*. 

The ground h s greatest arid most rapid temperature differences are 
brought about not by the temperature of the sir, but by direct insola¬ 
tion; and in this connection the abme mentioned influence of air mois¬ 
ture and ground moisture plays an important part. In arid regions, 
moreover, the rock surface is bare or covered by only sparse vegetation, 
and so insolation can act unimpeded. IVmthmng dm to ttmperaim 
thtingrt it essentially a tpirifip/™ t of intataHm. It is entirely absent from 
humid regions with their welbdeveloped plant cover, its main distribu¬ 
tion coincides with the arid area* of 1 he world. 

Fragmentation of rock by insolation is a phenomenon of the outer¬ 
most su rface, h dtHrs not reach even the few met res ’ depth to which 
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fluctuation* of toil temperature are measurable, but is confined to ihc 
far thinner peripheral zone in which rapid eontiWUt of temperature make 
themselves felt* No measurements arc Available. Also, there is by no 
means unlimited disintegration of lhe rock through insolation. "Hie pro¬ 
cess itself does, indeed, give rise to fragments of all sizes, down to fine 
and very fine particles such as are also incidentally produced when rocks 
are broken with a Hamm er. They are, however, merely a by-product of 
the destruction brought about by insolation, and their production ends 
with it- This end is readied when the rock fragments have become so 
small that there is no longer any great separation in time between the 
ructions of their surface and of their Core to changes *jf temperature, as 
show n by changed of volume. It tb» depends upon (a) the rapidity of 
the temperature changes and (i) the rock's conductivity of heat**. For 
good conductors, the dirintcgraliiig effect of iji&oldfiun ceases to be felt 
whilst the size of grain is larger than for poorer conductors. Rocks of a 
close-textured type occur as grii among the end-products of such dis¬ 
integration; complex granular rocks (with different crystalline com¬ 
ponents, or with a different cementing material between them) arts at 
least broken up Into their components. 

Insolation rubble ts p a* regards texture, characterised by a mixture of 
grains of all possible sizes, and this is so during the whole course of its 
formation. In the early siages, large fragments predominate, with grit 
and fine particles little in evidence: when development Ls advanced, these 
latter have inaeased: very considerably; and in the final stage, the fine 
particles are absolutely preponderant over the various grades of grit 
which represent the smallest *be for tlie granules derived from the 
various rocks which differ in thetr power o f conducting heat 1 *. 

Ft fat f l eathering 

Frost shattering tKcum where tempernmres are near freezing point 
and the rocks contain water; and this is perhaps the most powerful factor 
in mechanical reduction. It is due to the fact that water, as it freezes, 
expands by otic eleventh uf its volume If it is in rock fissures, these arc 
widened and become branched; fur the water, which freezes from above 
downwards, forms a stopper of ke preventing any escape of the water 
that is lower down in the rock, even if this di*cs solidify with expansion 
nf its volume The pressure thus exerted h passed nn hydrost.iticallv \ in 
all directions, including downwards* by the water that h not yet solidi¬ 
fied. Thu* the mechanical loomuitg of the rock fabric extends deep 
down, past the zoim of freezing. But it would Ik: wrong to assume (hat 
ihm effect reaches to absolutely any depth, or on the whole increases in 
an unlimited manner a* frost action progresses downwards. According 
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10 P, W. Bridgman's investigations, the shattering effect of freezing is at 
its maximum 31 2^“ C. s when it exerts a maximum pressure of 2050 

atmospheres per square centimetre. Below this temperature tile water 
freezing In a dosed vessel, and therefore in rock fissures which are 
closed above, no longer forms the ordinary kind of ice, expanding in 
’volume, hilt ihe modification Ice 11 I p which contracts as it solidifies 11 . 
This throws light upon the magnitude of the loosening force exerted by 
frost weathering; but it also shows the limitation of its field of action, 
since in closed figures and capillaries the maximum pressure is very soon 
reached. Even under the most favourable ciimmsiances* frost shattering 
may come to an end at a few metres' depth. 

Ail essential preliminary to Pros: weathering is the existence in the 
rock of hollow spaces, for absorbing water* he. an original porosity, or 
eke a Assuring which rocks may acquire secondarily, e.g. from tectonic 
sttesees. The size of grain in frost-produced rubble is generally decided 
by the density of the network of fissures in die unshattered rock for by 
its latent capacity for figuring), irt addition, there are quantities of rock 
splinters, fine as dust* which have been split ofF parallel to the surface of 
the rock by rapid changes uf temperature 4 

The region subject to frost weathering lies near the snow-line or 
beyond it; it is characteristic of the polar zone* and the high parts of 
mountain region.?, and also, seasonally, of those temperate lands across 
which the snow-line moves backwards and forwards once a year. It is 
absent, of course* from perpetually warm, moist regions, and from arid 
ones. The rocky horizons uf the soils of rhe temperate zone may be 
partly caused by frost action, but neither exclusively so T nor everyw here. 
Going from the snow -line in the direction of increasing warmth, the 
period of winter frost becomes shorter and shorter, and frost action 
occur* less and lest frequently. All the same* the rubbly horizon does 
not seem 10 disappear in that direction, not even where the effect of 
insolation b eliminated- Beneath a vegetation, cover, the pressure 
exerted by growing roots (pretsur* fjr<m rmtft) especially by those of the 
higher plants, has a certain significance for the mechanical loosening of 
rock into the fissures of which the roots wedge themselves. This is. of 
course, the ease only where the root system reaches down as far as, and 
below, the bottom of the rocky sail, he, where the cover of weathered 
material is nn thicker than the depth of the roots. In considering mech¬ 
anical w eathering, it is easy to overestimate the significance uf the vege¬ 
tation cover. 1'hus toy little weight is often tJU'en to the mcchamto! 
reduction (not mtthamrul xicathmng) which occur* m a phenomenon that 
tttampanm ckemkat nwuthmng w and locally talutim as well 4 *. Since these 
processes act along the line* of weakness present in the rock*; such as 
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hedging planes, foliation surfaces, fissures due u, contraction, and t>jw- 
dally the joint planes which divide all rock up into separate pieces, fin- 
parts enclosed by the paths of the chemical weathering, though them¬ 
selves un at tacked, become loosened from the rest of the rock. They are 
brought nut of their places by changes in volume due to chemical altera¬ 
tion, or by fluctuations in volume of the chemically weathered material 
dependent upon varying amounts of mntstore in it (swelling and shrink¬ 
ing of colloids}; and they become heaped into the irregular piles charac¬ 
teristic of the nibbly horison. There is no place in the world entirely free 
from such mechanical reduction by chemical processes. The region of 
frost weathering is ihc most nearly so, and next in order comes s hat 
where insolation is the dominant factor. In hot wet regions they are the 
chief way by which mechanical loosening of rock fragments occurs, and 
they are the typical way for the temperate wines. 

(A) Clt&ntrCAL WaVEHHHNi* 

Chemical weathering is. bound up with the presence of water This is 
in part split up into IE - and OH“ ions amt therefore acts as acid or base 
according to whether the compound attacked consists of a weak acid 
and a strong base or vice vena. Silicates are affected, first by the action 
of the acid; Liter, apparently, by that of the hydroxyl ions, and are split 
up (hydrolysis). Amongst others. A. D. Cushman and j. Hubbard have 
shown that, in the weathering of silicates, hydrolysis is far more impor¬ 
tant than the adds. e.g. carbonic acid. clc, H , brought to the rock in the 
water. 'Hiis, as well as other acids, reacts especially with the bases re¬ 
leased from the broken down silicates. I hits forming salts, some of which 
are more readily soluble*, what is li ft remains behind as an ingredient of 
the elwial mih. 'Hie chemical processes generally Ivrcomc more vigorous 
as the temperature rises, not so much betaine the salts are then more 
soluble as because of the greater ionisation of the water, this I wing about 
twice as great in the tropics as in the temperate regions. Below o* C. 
chemical wCatherine ceases. Thus it rarely occurs beyond the snow-line: 
ami, though it is by no means entirely absent, it is of even less signi¬ 
ficance there than in the arid regions of the world, where scarcity or 
absence of water check* chemical change. Its main field of action lies in 
temperate lands, especially where there arc warm humid conditions 
giving etptabh tirmperatvrri 

Identical weathering is substantially aided by .i plant cover and bv 
hnetcrin This is. first, because the excretion of chemically active sub¬ 
stances (e-g. ncidsl* occurs wherever the processes of life are being 
carried on; and further, because a continuous cover of vegetation stores 
up the water which play* an important part in weathering, giving it up 


2 reduction of rock material 

only slowly to she substratum (preservation of moisture in the rock and 
lengthening of the period during winch water acta chemically upon the 
rock surface); finally, anti above all, because the dead parts of plants, as 
they decay, excrete chemically active substances isuch as carbonic acid), 
as well as themselves changing into what is of the greatest importance 
for the reactions occurring in the soil, viz, humic submtucet. '1 hese are 
the residues of organic decay, which become mixed w ith those of organic 
weathering, 

The mn knowledge that colloid*** form a large part of the product! of 
chemical weathering a of fiaidtmmiol importance, not only for pedology 
hut very specially for the question of drmtd<iti<»:, l his applies not only to 
the Silicic acid set free from silicates, which readily loses its colloidal 
form, but also to the hydrated oxides of iron and aluminium and in their 
compounds with silicic acid; the lengthy series of the days and loams 
(eluvial) belongs here- They represent the more or less uniform end- 
products of chemical weathering that result from the very varied types 
of rock found in the world, and their properties depend in detail upon 
the climatic conditions under which they were formed. Thus they are 
occasionally referred to as climatic toilt**. In regions of predominantly 
chemical w eathering, they result from the Further reduction of the rocky 
horizon, when this has not already been removed by denudation; and 
they then form a characteristic horizon above tin- rubhiv zone, one which 
becomes poorer in rock fragments from below upwards. 

Colloids possess to a high degree the property of taking up water and 
mineral substances, not in chemical but in mechanical union (adsorp¬ 
tion)'*, By tills means they swell, attain an, ever increasing mobility and 
can finally pass into a state similar to that of a solution (sols). On dry-ini' 
up, mobility is again completely lost; day, to take an example of soil 
colloids, becomes cohesive, it bakes liard. But this is not the case when, 
instead of pure water, it was .in aqueous solution of salts that had been 
adsorbed by the colloids; for, as drying proceeded, they became saturated 
with substances capable of crystallisation. Sn such a case, the dry colloids 
nf the soil are crumbly, mobile like dry sand or dust, and are not 
cohesive. The* conditions are nf the utmost importance to denudation; 
and it is far from being a matter of in (inference whether colloidal com¬ 
ponents arc present or not in the weathered material awaiting transport, 
and what conditions influence its accumulation or removal. 

Salt solutions precipitate the colloids, and thus prevent their lieing 
carried away in the form nf sols. It is assumed that the effect is produced 
by the ions, split nil from the salts, apposing themselves to the colloidal 
particles carrying the positive or negative charges, and neutralising these. 
Flocculation of the colloids from their aqueous solution aho takes place 
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when colloids with different charges meet. Because qf its extraordinarily 
wide distribution, limy mate rial plays an, important part in the distribu¬ 
tion and fate of soil colloids. Precipitated colloid b accumulate on lime¬ 
stone. the Mediterranean red earth (terra roSSa) being an instance of 
this". 

Such precipitation flimu^li the agency of salts is rendered more diffi¬ 
cult by the htiniir mbiUWi « which, because they react l ike acids, used to 
be called 'humic acids' 1 *. They, too, arc colloids, but they are not nearly 
so easily precipitated bv electrolytes as art the inorganic colloids. These 
latter apparently take up (adsorb )* 1 greater and greater quantities from 
the humic materials, and so they finally acquire the tatiie pwipeity of 
slighter sensibility to the precipitating influence of electrolytes. Adsorp- 
tivdy unsaturated, so-called acid, humus not only dissolves certain soil 
colloids, but also prevents their precipitation, Adsorptively saturated, 
neutral humus does not possess this property. It does not exist in a dis- 
sulved form, hut i* admixed with the soil colloids, and when soaked with 
water it has, like them, the property of a high degree of mobility (the 
well-known smeary pap -1 ike quality of wet loam). 

Thus it is very important, in making a critical examination of the pro¬ 
cesses of denudation and how they work, H> know where the humic 
substances occur. They do not simply coincide in distribution with the 
earth s vegetation cover: but, according to H I ..mg's work, are associated 
with a definite relationship between mean temperature and moisture, the 
rain factor. This indicates the average amounts of precipitation occur¬ 
ring in a district tor each degree Centigrade, Similar numerical ratios 
are obtained for low temperatures and small amount* of moisture, or for 
high temperatures and abundant moisture, A certain numerical value of 
the rain factor marks out the Utt where humic substances occur, just as 
other numerical values seem to be characteristic in respect nf other quite 
well-defined soil types. These values of the rain factor mean, in every 
caste, the optimum conditions under which, jn the most favourable circum¬ 
stances. that special type »f #»i comes into existence at a given place, and 
under which the humic exchanges in the soil take their characteristic 
course”. Chemical weathering goes (in to a quite considerable extent 
throughout the stones extending from ihr equator to the summer snow ¬ 
line. Continuous vegetation covers only narrower belts, viz. three strips 
which are separated by the two arid belts; and for humic weathering the 
ttpacc is narrowed down again within those three strips. 
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(i f) Solution 

!n regions whc«? there are humic substances, the weathered material 
becomes pour in inorganic colloids. These, like the soluble ttlU, are to a 
large extent carried away; part reaches the riVcrs acid so i& Lost to the land 
surface - . < in the whole, the process is tme of solution (levelling), \na- 
togern* processes in regions of cavity soluble rocks such as gypsum, lime¬ 
stone* dolomite* etC Tp reach an important independent development 
wherever rhe rocks are provided with sufficient moisture* It is nut so 
much the simple solvent effect of chemically pure water us tile influence 
of aqueous solutions which react with the soluble rocks. Another well- 
known fact of prime morphological importance is the tenfold increase in 
solubility uf limestone in w ater w hich contains C0 3 ; this is 1 troughL a hour 
by tlie formation of the readily soluble bicarbonateIf Ln such water 
tlsere h even a very minute proportion of carbon dioxide existing in the 
form of HjCOp this acts m a strong acid on account of its very con¬ 
siderable dissociation into 11 and HC 0 3 ions* and it can attack even 
siliceous rocks successfully. 

Tbt solution of limestone is thus really dependent upon chemical 
change. It differF, however, from most of the other hydmcheTnic.il re- 
actions in that; on precipitation from the solution the original material, 
the normal carbonate, h regained. This can be observed wherever car- 
iKinic acid is removed from the solution by a rise in temperature or a 
lowering of the pressure (as when calcareous solutions leave narrow 
fissures for wider ones), or by biological processes (through plants). It 
has often been debuted whether the phenomena of limestone solution 
must not be actually absent or at least greatly reduced in the tropics, 
since the absorpliun of carbon dioxide by water decreases with rise of 
temperature (at a pressure of one atmosphere). That is correct. However* 
carbonic arid i* nol the only solvent, for humic subsumes have an ana¬ 
logous and no leas extensive action in desiruying readily soluble rucks. 
Credit is due tn K. v. Terzagi for having pointed out the extraordinary— 
and usually very much under-rated—significance of vegetation in the 
solution of rocks, especially of limestone 1 ** In the Limestone Alps, fur 
example, on reaching the upper limit of forest, one becomes aware of 
how cushions of vegetation are, as it were, sunk into the limestone. 
There is a widening of all those hair-like cracks uf tectonic origin which 
are dose shut in the unaltered rock; and cushions and strings of dead 
and living vegetation can he seen at the bottom of them. As soon m the 
gaping cracks and clefts produced by vegetable solution intersect, the 
rock disintegrate* into fragment* bounded by smooth surfaces, which 
generally meet in sharp edge. Before this disintegration occurs the rock 
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is penetrated in all directions by tapicx-lifcc furrows”, which hear n« 
relation to the surface gradient. Similar features mav he observed in 
other nicks also {an excellent example is afforded by the granite of the 
Brocken. Fichtelgebirge, etc.), and in humid regions this is the typical 
minor land form associated with solution 1 ' T . 

Exactly the same thing takes place, but to a much greater extent, under 
a continuous cover of vegetation, and so in (Wests, and can be seen at 
the base of uprooted tree;-. Here the processes art intensified to an extra¬ 
ordinary degree, and they amount in major effects which arc not to be 
found in u similar form outside the forested areas. I he discussion of 
Karst phenomena will bring us back in these conditions. 

There is a widespread opinion that no chemical weathering or solu¬ 
tion takes place in and regions, since water is lacking. I his is not correct. 
Even the driest parts of the world receive dew and—though it may be 
hut rarely—precipitation; and by no means all the water evaporates at 
rmetr Qu the contrary, even here pari trickles down to (he water table 
which, although very deep down, is present 5 '. In this way chemical 
work (hydrolysis) and solution art effected- l he latter is brought about 
particularly by the sails, such as sodium carbonate, which art dissolved 
in the scanty circulating waters. This dissolves the silica, alumina, etc., 
to a considerable extent. Water linger* longer in small hollows than on 
the surrounding parts* Before it evaporates, it has accomplished it* work 
of destruction and leaves behind it crumbling residues which the wind 
carries away. So these minute hollows grow in depth and width, and 
may become Lhe great water holes which play an important part in arid 
regions and contain reserves of water,* F„ Kaiser gives an account of the 
origin of large basins of interior drainage in the Nairnb, which arose in a 
similar way in places where easily attacked Cambrian strata were left in 
the synclinal cores of the fold structure. The floors of these basins are 
described as places of intense chemical weathering and solution, and the 
residues tliat form here (adwrptivdv saturated, crumbly colloids to¬ 
gether wilh sand and rubble) are partly removed by the wind". The 
flanks of the basins, on the other hand, develop in a normal way under 
the influence of denudational processes that will he discussed later, and 
they are therefore practically unaffected by lhe wind. Etui they can 
develop only because the basin floors are places where the reduction of 
rock is going on intensively, and where material is being removed by 
wind, so that they have been lowered. Similar conditions seem to prevail 
in the great oases of the Libyan Desert which have generally, hut most 
incorrectly, been held to l>c major forms of denudation by wind. 

If salts are present in greater quantities, they crystallise out on the 

* 'ItanlLwamr*. 
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melt surface from (he concentrated solutions; hut within the rock they 
remain active for a long time ami lead to internal rock decay. If the 
brittle rock core conics into contact with the atmosphere, it may fse 
cleared a wav. and the chemically unaltered shell, often no thicker than 
paper, become? an envelope for cavities widening towards the Ulterior. 
Such are particularly often to be seen in cry stalline rocks, e.g. in the 
granite of arid and semi-arid regions; and they arc called Tafoni in 
Corsica. The honeycomb-like, tMercnli.il weathering of sandstones is 
due to similar causes. Here it is especially the cementing material that is 
decomposed and dissolved by salt solutions, the loose sand grains being 
blown away or otherwise removed. The phenomenon, previously taken 
io be a specific desert formation, has not the least connection with 
climatic peculiarities, but i& bound up with the occurrence of circulating 
salt solutions of dilute acids. It is excellently shown in the Quader sand¬ 
stone of Saxon Switzerland or the Hunter sandstone of the Palatinate 
Forest * 11 


' v RATE OF WEATHERING AND DIFFERENTIAL 
WEATHERING 

Any force of given intensity, attacking uniformly all over a surface, 
achieves greater results in unit time when in a less resistant region Uun 
when in mure resistant surrounding?. Hie widespread phenomenon of 
differential weathering depends upon this law. Such an attacking force 
affects by the same amount all places having the same degree of expo¬ 
sure; and its definite, am stun l intensity is fixed within the limits of areas 
which have corresponding climatic conditions. With equal exposure, 
e.g. in places where the rocks are freely exposed, or where they are 
coveted by a deposit of the same kind and thickness—weathered 
material or a plant cover—the amount of weathering in unit time de¬ 
pends upon the charterer of the rock. Unit property of rocks which, 
Other things being equal, determines the rale of we At it* ring is called its 
resistance to weathering. 

Resistance ro WeathhuwJ 

The causes of this are to be found, on the one hand, partly in primary 
characteristics owing their origin tn the way in which the rocks have 
been formed, and on the other hand, partly in such as have been acquired 
afterwards. To the first group belong chemical composition, texture, 
and such primary structures as parting along bedding planes, foliation 
surfaces and contraction planes; to the second group, tile way in which 
these planes lead from the earth’s surface into the interior of rock bodies. 
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which means the attitude of the beds, and more particularly the way in 
which all met completes ate disintegrated by mechanical and especially 
by Tectonic stresses hire small pieces of varying size by fractures, which 
either hare already formed or are forming a dose network of cracks. 
These, together vrith the parting* due re primary structure and the 
porosity which is particularly characteristic of clastic rocks, torm the 
inner surface * of the recks, which b in commit meat iun with die outer 
surface, the outcrop. 

This inner surface is of the greatest importance for all those processes 
of weathering in which water in any form takes part, since it allows the 
water to penetrate to the interior of the reck complexes, and so define* 
the paths of the weathering. The greater the surface of attack* the more 
weathering can accomplish; the available surface increases, however* 
With the size of the inner surface' 1 , Rocks Lhat are more highly jointed* 
for example, are—other things being equal— more liable m destruction, 
either bv freat, chemical weathering ur solution, than those which are 
leas well jointed. in porous sandstone it can be seen that the cementing 
material is most decayed where die decomposing solutions could cir¬ 
culate most fredy, as where the part* that have retained their porosity 
remain between former cracks filled in earlier by deposits from solution. 
These latter stand out as ridges when the weathered particle arc re¬ 
moved. In addition, there ia the original difference in the chemical com¬ 
position of the crustal rocks which enable* them* at a given pl^c, to offer 
a different degree of resistance to die chemical agents at work there- l ur 
example, crystalline siliceous rocks are obviously far more subject to 
chemical weathering than sediments which, like quartzite or day, hare a 
composition that correspond* to the end-products of weathering, hut 
there are also finer differentiation*. *m«. fur example, the individual 
silicates have very different powers of distance to chemical atlacK by 
water or aqueous solutions. In consequence ol tin*, stbceou* rocks of 
varying mineral composition, posses varying power* ul resistance to 
cfacmiul action; just as in the scries of the more chemically stable sedi¬ 
ments there arc differences arising in the ^me way -always turning 
that otherwise the properties, exposure and climatic condition* are simi¬ 
lar. There is no need to discuss further the importance of different 
decrees of rock solubility in the process of solution. Mention has already 
been made of the fact that breaking up by insolation depends upon the 
capacity for conduction of heat resulting from the texture and mineral 
composition of the tock concerned. To supplement this, reference may 
here be made to the colour of the nock: dirk coloured rocks experience a 
stronger heating effect than light coloured, and so arc subject to greater 
*£Cf. p . tg — extent d£ apa« H J 
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and tnure rapid flue last ions in volume, and disintegrate more easily, 
liian tilt latter. In arid regions, furrows are thus often associated with, 
for example, veins of dark coloured igneous rock. 

Resistance m weathering is thus based upon the various properties of 
rocks, ti is different not only for rocks of different composition in the 
same eh mule, but also for the same ty pes of rock in different climates, h 
depends not only Upon original characteristics due to the manner of 
formation, but also upon ,vital the rock* have since undergone. Two 
things must in particular bt considered. On the one hand, there arc 
changes in texture such as occur with diagetiesis, bringing about an in¬ 
crease in crystallinity. For example, pure limestone is on that account 
generally leas easily soluble with increasing geological age; because of 
changes due to infiltration, die porosity becomes less (consolidation of 
texture), and the degree of crystallinity is increased. Gn the other hand, 
there is the cracking due primarily to tectonic stresses. To be able to 
associate the differences in cracking with specific elastic properties of the 
rocks, the comparison must be made between those from zones of similar 
tectonic development. A malm limestone of the Swabian Alb differs as to 
the extent of its inner surface from an Alpine limestone of the same age 
and composition, and as regards resistance to weathering is nut directly 
comparable with any other Alpine rocks. 

It follows from (this that a morphological grouping of rocks, based on 
their resistance to weathering, is not feasible. Attempts at this are there¬ 
fore of only doubtful value even when restricted to a definite climatic 

^Differential weathering produces effects of two kinds. The indirect 
one has been alreadv indicated when treating mechanical reduction by 
chemical weathering, Since this penetrates deep down, especially along 
the cracks, etc., it looser* *oM pieces, hounded by the interior surfaces, 
from union with the rest of the rock. The saute thing happens in the 
process of solution. Hence solid rock fragments are hy no means missing 
imrn residual soils, even m regions of exclusively chemical weathering 
and solution. Rivers everywhere receive weathered material, anti it is 
these fragments in it, and not the dissolved or suspended colloids, which 
do mechanical work, In those parts of the world where mechanical 
weathering b practically non-existent, running water owes part of its 
tools to differential chemical weathering (examples being the rivers of 
wooded karat or of forested tropical mountains). 

The second effect of differential weathering is to make evident the 
heterogeneity of rocks. It appears in the form of relief, since depressions 
are related to the zones of weakness, and elevations to the more distant 
parts of the rocks. It is not the absolute value* of resistance to teeathervtg 
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which form the critrtiwn, but ihe relationship of these to one another in 
neighbouring types 0/ rock, a rdatimship which twih ft urn place to place. 
One and die sal tie dyke of igneous rock may. as is well known, rise like 
a wtill from lew resistant surroundings, whilst it butumn n furrov. on 
entering a more resistant type of rock. 1 he differences in tend time of 
racks to weathering become evident- 1 hat is, however, no longer a direct 
effect uf weathering, but a consequence of removal of the reduced rock 
material. Where there is no such transport, naturally neither the lack of 
homogeneity in the rock, nor the differential effects of weathering caused 
by this, can become visible* 

Therefore, when rocks can be distinguished in the relief* it means 
that a greater aim mu! u! die one type uf ruck has been reduced, become 
capable of removal and been removed 111 unit time than u! another, more 
resistant to weathering. Hence resistance to weathering can be summed 
Up in the following way: rocks are resistant when the process of (eduction 
takes a comparatively lung time to bring them to a form that can be de¬ 
nuded, Lc. one of sufficient mobility; unresistant rocks are those in which 
this transformation takes place more rapidly, assuming that die condi¬ 
tions of denudation ate the same in both cases. 

If in unit time just twice as much material, for example, is reduced 
and removed from one rock as from surrounding more resistant ones, 
the difference in relief increases as time goes on, since the smallest effects 
achieved in unit time are always tw ice as great on the one side of the rock 
houndary as on the other, and these differences are cumulative. It 
follows from this thxl—under similar conditions 0/denudation and with a 
constant difference between the rocks—the adaptation of load farm to differ¬ 
ence of rock material it afunction of time, 

+, UNIFORMITY IN THE PROCESS OF ROCK REDUCTION, 
THE SOIL PROFILE 

Weathering acts over die surface: and, with the same exposure, as well 
as attacking factors of tile name Lind and magnitude, that u in a region 
«f uniform Climatic condition*, each portion of the surface is affected to 
an equal degree. Provided tltc upper surface of the crust were homo¬ 
geneous, weathering would strike equally d«p everywhere; and after the 
lapse of -j definite time theft would be a superficial rind of rock with a 
definite thickness converted into a product of weathering with a definite 
composition, tf. in such a Case, pure end-products of weathering have 
arisen, these form the uppermost horizon of the soil profile. In regions 
where chemical weathering is predominant, this would be loam or clay 
of u composition dependent no longer upon the original material, but 
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upon climatic conditions. In a complete soil profile there follows below 
that a mixture of the end-product with mure or less altered rock frag¬ 
ment^ which increase in number and size downwards, becoming 
fresher, whilst the amount of the colloidal end-products decreases. Thus 
ihe rufitly horizon develops downwards, then comes the zone of merely 
loosened parent-rock, and finally that where it is unbroken. This is 
bdem- the limiting depth to which, up to that time, weathering and the 
chemical changes connected with it extend; but between the zone of 
loosening and that of rock nibble there is a low er limit, of special impor¬ 
tance to denudation,* where mechanical rearrangement ha* been com¬ 
pleted for particles separated oil from die coherent rock mass, In regions 
where mechanical weathering is predominant, a complete soil profile 
shows, from below upwards, above the zone of merely loosened ruck, 
mechanically reduced rubble of ever smaller grains, with an increasing 
admixture of fine to very fine particles. 

The horizons of the entire soil profile, a* they succeed one another, 
show increased reduction from below upwards; hut naturally they are 
nut sliarply marked off. They develop from one smother in such a wav 
that loosening pushes further down into the unbroken rock, whilst from 
the former stone of loosening there develops a rubbly horizon, and from 
the upper parts of that, the pure end-product. The soil profile grows in 
depth: and its uppermost horizons, lying exposed at the surface, are 
always composed of that part of the rock earliest, and so longest, sub¬ 
jected to reduction. Thus, as time goes on, the mass of the reduced 
material increases and the degree of reduction. These two have a very 
different significance for denudation. The amount of reduced material 
produced in unit time determines how much rock can be denuded even 
under the must favourable given conditions; no more than exactly the 
■imonitf that has been reduced, be. has become loose and mobile. The 
degree of reduction, on the other hand, affects the onset of denudation 
and the course of its development at the place considered. 

It is not known how long a time is required for any particular rock to 
become loosened, and then to develop a rubbly zone and finally an 
horizon of purely end-products. Therefore it is not known how long a 
period of reduction is needed for soil horizons to develop from one 
another in the direction of an increasing degree of reduction. AH that is 
Certain is that it takes considerably mure lime for the unmixtd end- 
pruduvi to develop from die zone of coarse rubble ihan for the latter to 
arise from the zone of loosening. The following state mum mak e# this 
dear, the task assigned to weathering may be expressed by the frequency 
of division necessary for cutting the material up into smaller and smaller 

■ (See pp. S J-S4-1 
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fragments- {be* by the number of tlie divisional planes). Tbits it is obvi¬ 
ous, that the mere loosening of the ruck is a far smaller task than the 
multiple subdivision in die rubbly hurizon p and this again is one jm» 
measurably la# than the decomposition of the material into colloids or 
very fine dust, which means an almost infinite mtjjtiplteahQu of the pro¬ 
cess of division. The number of divisional surfaces grows in geometrical 
progress inn* If such an ever increasing task Were in be performed in 
consecutive equal periods of time p the intensity of the reducing pro¬ 
cesses would have to be raised to the power of the number of such 
periods. But, physical and chemical agents taken together have, on the 
whole, a constant intensity at a given place* 1 . Therefore it follows that, 
compared w ith die later phases, the initial stages of rock reduction are 
actually passed through far mure quickly: that it takes a shorter period of 
reduction to loosen rock ihaii to change the nc of loosening into one of 
rubble; smd that i\m latter again arise* much more rapidly than the end- 
product develops from it —always asstming similar exposure 7 /re degree 
of reduction ft not proportion! to the duration of the re duct inn; hut , the 
exposure being thf sa d Wthrata. 

lint that docs not apply to the quantity of rock material f educed. It c*m 
easih be seen that equal lengths of lime will always he required for 
reduction to produce, from any given rock, one and the same soil horizon 
with a simitar profile below it. Jf the whole of the soil cover could be 
removed from the unaltered cock surface, then weathering would have 
10 work exactly the same length of time at that ^n-.i: spot as on the first 
occasion in order to produce a similar tiew cover of soil identical in 
thickness with the same surface horizon at a similar *bigc of reduction 
and with the same sequence of horizons hdoiv. The same amount of 
material has then been reduced as in the first instance. In the same way, 
for neighbouring places on the carthT surface which have the same type 
nf rock and of climate, weathering needs the same amount of time to 
reduce similar quantities of rock into a soil cover of corresponding thick* 
ness and identical profile development, with the same topmost horizon ai 
a similarly advanced stage of reduction. If this is nearer to the state of 
completion, the rimes of formation are correspondingly very much 
longer, as shown above; if further from completion, they are relatively 
shorter, Bui profiles with the same topmost horizon have invariably had 
equally long periods of formation, provided corresponding processes of 
reduction are acting on the same types of rock. This important relation- 
tkip ii it Alt/ it meant hy uniformity in the reduction of rock. It h 4 concept 
of fundamental importance, for it provides perhaps nut an absolute yet 
a relative measure of the intensity of denudation, since it becomes 
possible to compare the work achieved in the same periods of time 
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by the uniform reduction and by the non-uniform denudation of 

rock** 

5 . UNEQUAL EXPOSURE 

The phenomena so far investigated have been those which may he 
observed at places with similar exposure and similar climate. One condi¬ 
tion fc: unequal exposure has already been considered: the plant cover 
(pp. 38. 40. 41, 44-45)- Where there is a continuous cover it entirely 
prevents heal weathering {insolation) and checks attack by frost since it 
protects from cold and possibly also produces physiological beat. On the 
whole, therefore, it reduces exposure to mechanical weathering. Its 
behaviour towards chemical weathering is different. Thus the earth’s 
mantle of vegetation is in every case, a# has been alinwti, a factor in in¬ 
creasing the exposure which it is impossible to overestimate. A forest 
cover is more favourable to chemical weathering and solution than is that 
of turf or steppe, whilst these again are more favourable than bare spots**. 
This is home out by the way in which strips of vegetation sink down, 
sometimes on quite a large scale, into a calcareous subsoil, and the occur¬ 
rence of doline like snow holes in the High C alcareous Alps; for this 
means I but, favoured by these conditions, chemical and physico-chem¬ 
ical processes are more effective than, and outpace llie physical forces to 
which the surrounding rock, just because of its bareness, is particularly 
favourably exposed. 

The second factor in unequal exposure is the cover of rubble and soil 
found at the surface of the earth's crust. It is more difficult to estimate 
the importance of this since—as will be described in a later chapter—it 
is only under certain cumillions that it is stationary, being usually on the 
downward move in areas of denudation. 

It can easily be seen that an increasing thickness of soil hinders mech- 
anit-a 1 weathering mid eventually stops it, insolation effects ceasing 
sooner thms frost weathering. In this respect it diminishes exposure- But 
for chemical weathering it is not true to the a me extent. Certainly the 
soil cover docs not. like the mantle of vegetation, produce substances 
which bring about decomposition; but as regards moisture, it behaves 
somewhat like a sponge, Jt becomes soaked through with water, taking 
up more the thicker it is; and it gives off its moisture sbwlv both up¬ 
wards and downwards- In times of drought this can be oljscrved; whilst 
the upper parts of the accumulated soil are drying out, the lower still 
remain damp for a long lime. These conditions affect the rocky aub- 
iirmnni. Where a thick cover of soil protects it, chemical weathering is 
favoured as compared with the bare nr less welt protected parts of its 
surfacr- Now it hits been observed that chemical decomposition, i.e. the 
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fraruifurtnutsoh of the rock-forming minerals into colloidal end-product^ 
does not always stop at the lower limit of the rock loosening* hoi under 
especially favourable circumstance?, it strikes deeper towards I be lower 
limit of weathering, to he discussed later. Thm the fragments in the 
rubbly mno. t the loosened rock immediately belovv that, and the mne 
lying beneath—which is physically intact and bos preserved its original 
structure—are all transformed into a clayey mass. Occasionally seen in 
the tropics, it also now und then occurs ui our own part of the world, in 
places where there ha? locally been great chemical alteration such as in 
the strata l>ekm the I ower Qligoccne brown coals of Saxony and else¬ 
where. Lntltr the influence of hog water, ihe qitam-porphyry Lavas of 
the Rculiegende have hem been kaolinbed 10 far below the zone of 
loosening. This has happened particularly on die flat floors of those 
basin- 1 ike valleys, between mselberg-like elevation?, in which brown coal 
and clastic GHgocene strata have been bid down, i.e, in areas of deposi¬ 
tion. One cannot speak of a "zone of rubble' here; it is rather a matter ed 
white days, rearranged derivative* of the kaolinised porphyry, which 
pass downwards into rod mate rial + unchanged in structure, but com* 
pletely decomposed (the so-called "Kapselton'), As Lhi: e It vatic ms arc 
approached, 1 he lower layers of die Oligoctiie strata show n distinct, 
more or less kau Imbed horizon uf rubble, Outside the Oligncirue bog 
deposits, die soil profile is normal and covered only With thin sciiimiTins 
which transgress over the slopes of those half-buried hill* of Lower 
Uligoccne materials Here h can be *een distinctly that die kind of soil 
profile depends upon the thickness of die overlying material. 

There is another phenomenon of the same order It is obvious that 
actually the loosened zone of the normal soil profile, mitre the higher 
horizons of the complete profile have formed above it, does not penetrate 
Into die interior of the ruck at the same rate a* it can develop ut freely 
exposed surfaces, though 0nr might have expected it to do so. '[lie 
loosening does not forge ahead uf those higher horizons with its charac¬ 
teristic speed of formation, but men more and more slowly into the un¬ 
altered pock. It fallows from what has already been mentioned that under 
favourable chcumsUnca the transformation uf *iUceau> rock into a col¬ 
loidal end-product is able tti uvertake the lone of loosening and may 
then reach far below it* Bui above nil it show* that the tower limit of the 
rubbly zone — -whatever the profile above may be—is at a slighter depth, 
which according to my observations does not greatly exceed two metres 
(apart from materia! pi led up locally above the normal aoi I profile). 

The explanation uf this behaviour may be tumid in the fact that, for a 
rubble horizon to be developed from the zone of loosening, there must 
be a rearrangement of the fragments loosened from the solid nick. 
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Amongst the farces of rearrangement, mention has been made of the 
pressure of roots, fluctuations in volume of the colloids, freezing and 
thawing- But as soon as the weight of the overlying mass exceeds a cer¬ 
tain value, ow ing to increasing depth of the soil profile or to accumula¬ 
tion from outside, these forces are insufficient to do their work agattist 
the toad. The consequence is that the pieces of rock bounded by, for 
r vim pie, joint planes* do indeed, under the influence of progressive 
weathering* cease to cohere to their surroundings. But they remain in 
their places, and are ultimately decomposed, unless a limit is put to the 
profile's growth by ‘spontaneous’^ migration of the material, or unless 
heavy material moving downhill penetrates so successfully into the 7x>ue 
of loosening tltat it dislocates, by lifting or chiselling off, the merely 
loosened but not yet rearranged pieces of rock- 

Thtis it follows that a soil cover favours chemical change, and w ith it 
the preparation of colloids. Its growth in thickness, however, increas¬ 
ingly hinders the downward extension of the lower limit of the nibble 
zone even in regions w here die weathering is predominantly chemical. 
And that lower limit has its special importance for denudation, since 
only exceptionally does it fail to coincide with the lower limit of the 
profile of reduction* 1 . Hence in this case hJ&o there results a lessening of 
the exposure, a deterioration uf the conditions making ready for denu¬ 
dation. 

Summing up, it may Ac imd that for any kind of mechanical rtdiution, a 
toil cater kuent the degree of exposure. 

Consequently a portion of the earth’s surface w ith a soil cover uf vary¬ 
ing thickness hits different degrees of exposure so far as the upper surface 
uftktrock is concerned, even if all the other conditions—rock pntpertitss, 
climate, vegetation cover—an- exactly the same. The upper turf act of the 
ml ewer, however, is subject to the same exposure. With an arrange¬ 
ment in which the thickness of the soil Cover decreases steadily in one 
direction* so that finally the unaltered rock uutcrops—the case most fre¬ 
quently found and the moat important—it is on the bare rock that the 
exposure is greatest, the mechanical reduction and the increase in depth 
of soil profile man rapid. If further, the inner arrangement is such that, 
with decreasing soil thickness, lower and lower horizons of the soil pro¬ 
file are displayed at the surface (till tile bare unaltered rock is reached), 
these having experienced only their decreasing degree* of reduction— 
this again is the commonest mul most important occurrence at the earth's 
surface—the various horizons lying next to one another and with similar 
exposures develop at their own special rates. On the hate rock, reduction 
acts most quickly 1 , in the other direction, where a complete soil profile lies 
* [Sec p. 17 and p. fr-i, lint 23.] 
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beneath the pure end-product of weathering, this process has already 
tcirninated at the surface. In other words: the rock surfaces which Hat e 
belter exposure try' to catch up with those less well exposed, not only in the 
atnntsttl of reduced material, but also in itt degree of reduction, assuming all 
other dmj instances to be the same. This fart is of the greatest impor¬ 
tance when such unequally exposed surfaces arc inclined. It concerns 
every part of the earth which is subject to denudation (sec p. 37). 

6. MOBILITY OT REDUCED MATERIAL 

That quality of reduced material which is of fundamental importance 
for denudation is its mobility. It i# a question of friction, dependent in 
the first instance upon cohesion, which is proportionally less, the greater 
the number of divisional planes which cut up the materia] into Indi¬ 
vidual small pieces. Mobility, therefore, increases with the degree of 
reduction, and the superposed horizons of the complete soil profile are 
of increasing mobility. The concept developed on p. 5* now lx* 
expressed tq a form which has a morphological value: making crustal 
material Mobile is, on the above supposition, a process which goes on in a 
uniform manner. 

Wherever thev may be on the earth’s surface, the reduced materials 
come inn:i contact with water, to a varying extent: and, since they differ 
in their properties, thus has very great importance as regards their 
mobility, For the rule holds that moisture reduces mobility (increases 
cohesion) when the dry substance is less cohesive than water, and in¬ 
creases it for substances which in their dry state are more cohesive than 
water**. Reduced material of the first group includes dry fragments, 
poor in colloids, such as are produced by insolation; the second group 
comprises all the weathered material nl the moist temperate and moist 
tropical regions with their wide marginal zones, since this is rich in 
colloids. In the dry state it binds, baked firm. Even email quantities of 
moisture, however, increase its mobility: and as the amount of water 
increases, this effect increases at ati ever greater rote. The more colloidal 
matter present — especially if it is clay — the more readily mobile ii. the 
material. iht highly mobile end-products of reduction (pure days or 
bams) form the Iasi link ir. the chain, the initial one being the rocky 
horizons. However — and this needs To he particularly stressed—since 
some chemical weathering generally occurs, nowhere is there a complete 
absence 0: colloids between ihe fragments to promote their mobility 
and lessen friction, even if their amount is more or less insignificant so 
that any considerable mobility is lacking. 

It is otherwise with the products of predominantly mechanical 
weathering, caused by heat and cold. A small quantity of water increases 
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the cohesion (lessens the mobility); larger amounts of liquid, on the 
other liand, affect them in the same sense as if the material were rich in 
colloids. Each rock particle is surrounded by a film of water, the density 
uf which—according to Ehrenberg—increases from the surrounding 
liquid towards the surface of the particle. This swims as if on a cushion 
of water, so long as it docs not exceed the size of a grain of sand- In this 
way. fine-grained material when thoroughly soaked may actually be¬ 
come fluid, e.g. quicksand. The mobility of the coarser rubble, when 
soaked through, is due to its loss of weight in water and to the effect of 
water in reducing friction. The magnitude of the ftie turn depends upon 
the size and shape of the grains, which are of importance not for die 
fact of mobility, but only for its degree, Kuhhlc of any kind and of any 
origin, whether wet or dry, whether mixed with colloids or not, is less 
mobile die more comers and edges it possesses, the less rounded the 
fragments r 

In (he ease of frost weathering, a point of special importance is that 
the products are farmed in a region where the water, seasonally abun¬ 
dant, contains— in consequence "l its low temperature— a far smaller 
amount «i dissolved salts {electrolytes'! than elsewhere. Thus the 
ever-present colloids are not precipitated. For this reason the water 
maintains it® fluidity undiminished even when only small amounts of it 
penetrate into the reduced material* T , It imparts extraordinary 
mobility to this, as is strikingly illustrated by polar snlifhiction and the 
rock-flows of the high-lying regions of Central Asia, 

In arid regions, on the other hand, chemical weathering plays a more 
important part. There is considerable formation of soil colloids. These 
remain precipitated during the periods when there is moistening, since 
the water, but rarely present, contains abundant Kitts in solution. As a 
rule, however, live colloids arc dry, and not cohesive, as in moist 
climate, but crumbly because of adsorptive saturation with salts. Such 
soil erttmbs augment the mass of fine to very fine particles with which 
the insolation nibble is mixed from the very beginning, the amount 
increasing as it develops. They help to reduce friction between the rock 
fragments, which indeed finally float, as it were, in the fine-grained 
groundnuts*- And since that fine material docs not adhere to the other 
components of the rubble, or ‘mobten 1 like water, small amounts of it 
are. sufficient to render a mass of coarse fragments more readily mobile, 
.As. in the course uf reduction, the individual grains become smaller and 
ihr amount of the- fine grains increases, the rubble becomes more mobile. 
At the end of the series is a highly mobile mixture of grit, sand and dust. 

The great inequality in niw of the grains, which is characteristic of 
insnlaiion rubble m all stages of its development, is of decisive impor- 
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tance for its- mobility. For the coarser heavy component® exert upon the 
underlying fine grains, by means nf their weight, a non-uniform pressure 
which these endeavour to evade; they succeed in doing so I because they 
lack cohesion, flftd on inclined surfaces they escape downwards. The 
irureased mobility of the dry mixtures of rubble produced by wn'lmnktil 
"heat weathering \ etr cantraitcd rcith material in which the grain* urr more 
Or less equal in rise, depends upon these physical conditions: reduction of 
friction between the components of the rubble, and unequal pressure exerted 
by the larger fragments on the fine grains of readily mobile rises. 

7 . WORLD CLIMATIC AND SOIL ZONES 
The forces leading to rock reduction depend fundamentally upon 
conditions of temperature and moisture (precipitation). The arrange¬ 
ment of there at the earth's surface shows a definile patient; in u general 
wav, mean temperature decreases from the equator polewards, and with 
absolute height. Humidity does not change in the same direction, but 
depends upon the general circulation nf the atmosphere, the distribution 
of land and water and, as regards detail, the altitudinal form. Thus there 
arc various parts of the world characterised by relationships nf tem¬ 
perature and humidity, different for each part but uniform within it, 
and there are differentiated as climatic regions. In them, physical and 
chemical processes take different sluires in weathering; as a result there 
are differences in the reduced material, it has already beat pointed out 
that this does not involve any difference mth regard to that effect of weather¬ 
ing which is tkr prerequisite for denudation-the mohitity of the uritfhrtrd 
substances. All over the earth, w eathering of any bind acts in the direction 
of increased reduction of material, making it increasingly mobile; and 
flic question is merely whether this takes place equally fast in the various 
climatic regions, or at different rates- 

In the demarcation of climatic regions, the decisive factor from the 
morphological point of view is what happens to the precipitation that 
fall* an the land surface. On these lines, A. Penck distinguishes three 
major divisions* 1 : 

{«) the humid climate in which precipitation is in excess of evapora¬ 
tion, so that a surplus flows off in permanent rivers, 

(A) the nival climate in which snowfall is in excess of melting, so that 
there is transport bv glaciers; 

(c) the arid climate in which evaporation is in excess of precipitation. 

There are no permanent streams here. 

To complete thi*. there must Ire added the transference of surface 
water to the ground water. In a humid climate there h more rain than 
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evoponttes of soaks into the ground* The water libit Iks near the surface 
and permanent water cmirecs do not give water to it, but take from it. In 
an arid region there Ls on the Contrary, less precipitation than rvaponi- 
non and infiltration. Where there is any ground water at all, its surface is 
deep down, and water seeps into it from the intermittently flowing 
streams. 

Humid conditions recur in three strips along the earth's surface: 
round the equator (humid tropical); and, with lower mean temper situ tci* 
in the temperate latitude^ nf both hemisphere (humid temperate). They 
art interrupted by the arid continental interinr regions* and are separated 
from one another by the two arid bell* into which they grade by climatic 
transitions Theurericalh oil cither ride of die arid belts there are sharp 
boundaries, the limits of aridity, w here evaporation and infiltration just 
counterbalance predpriattotL But they cannot lit drawn on the earth's 
surface any more sharply than can the snow line separating the humid 
from the nival regions, beyond which more snow is precipitated during 
the year than is melted, por such boundaries undergo seasonal fluctua¬ 
tions. In the course of a year they advance towards die equator (and 
descend where the climatic zones are developed as ahitudind belts}, and 
they retreat again polewards (or rise, as the case may be). The regions 
through which they pas* arecharaCtensed by seasonally diffcfefit cihnates 
and they belong in pari ti> the intermediate transitional between 
the compktfly humid and 1 he wmpktdy regions. 

Neglecting derails in the ditsiriluirion of pre dpi lu ion—which result 
from the arrangement of land and water, of highland and low land—the 
follouingk ronghlv the aimugemcnl hum.I on the earth's surface, start¬ 
ing from the nival regions and going equator wards; Jus* outride the ice 
cover, the day temperature for a large part of rhe year fluctuate* round 
about 0' C. "the lower waterlogged lay ere of the soil remain frozen— 
according to 311 old note af Wild s, at a mean annual temperature of 
- y C/'—ordy the upper horizons thawing. That b the pater zmy the 
realm of predominantly mechanical frost weathering. When the snow 
melts, the reduced material becomes highly mobile, since ii is then soaked 
through with water fnwjr in electrolytes (jtolar Hollflucrion). On freezing, 
tlie mcihilii) is entirely lost* 

lit the direction of increasing mean animal temperature, fmsi pheno¬ 
mena Income !ew> and less noth cable, chemical and humic weathering 
more prominent. Reduced material develops, rich tot colloids, the end- 
product being block or brown™. It is thoroughly moist at dJ seasons and 
so almost always in j state of increased mobility (the rubble as wcU, See 
p. ;5 1 This is tin ny upktfh kumd tmpMti* r*gkm w with precipitation 
fairly uniformly distributed throughout the year. 
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This uniformity is lost as the arid belts are approached. Jn (he semi- 
h timid region there is an alternation of wet and dry seasons. In (he wet 
season, chemical weathering is active; hut there are spots where, in the 
dry season, only physical disintegration by heat [insolation) occurs. 
Reduced substances, rich in colloid*, are to he found here mo; but they 
arc mobile only in die wet season; when dry, they bake into a coherent 
mass, and hold fast the other components of the weathered material, 
rendering them immobile. The cud-products are coloured red by iron 
(wide ( J red earth'} T *. 

Semi-humid regions occur on either side of the arid bells. On the 
poleward side are the subtropics—with ram in winter, when (he sun is at 
its lowest; on the equatorial side the rainy season is in summer when the 
sun stands high. This is usually considered as part of (he tropics; and 
the monsoon regions belong to it* 

Mere, too, red soils, rich in colloids, are typical. They often—hut by 
no means sllvap - coiisirt id hydrated aluminium oxide; this makes its 
appearance as the ciid-produtr of (be most far-reaching decomposition 
leading, under the influence of tropical temperatures and water of high 
chemical activity, to the less of the last remnants of the alkalis suit! 
silicic add. The term late rite i* now restricted to these wild 1 . 

Equalurwards of the tropics, the rainy sciions. asso c i a t ed wiih the 
highest altitude of the sun, occur twice a year, and merge more or less 
definitely so as to give very' abundant rainfall spread over the year, With 
this the completely humid tropical prqGVUt is entered. Here conditions 
for tile existence of humus recur, and weathering take® the same course 
as in the temperate stones. The end-product is yellow earth which is 
Coloured black or brown by humus {black and brown earths ) 1 (In 
account of the perpetual heavy soaking, this cuttoida! material is con* 
stand v in a state of high mobility, 

Climatic transition* lead to tire arid belU (and arid continental in¬ 
teriors) which separate the humid zone*. Water and so chemical weather¬ 
ing are by no means entirely a I went. In the transitional regions of the 
semi-arid province, they reach considerable importance; yet there is nut 
here, either, sufficient precipitation to feed permanent or periodic 
Streams. Water seeping down to the deep-seated water table is partly— 
not entirely—drawtr back to the surface bv capillary processes; and there, 
on evaporation, deposits the substances which it has dissolved on its 
way, Etti i * resettle vs of readily soluble salts and crusts of the less soluble 
calcium carbonate, locally also of silica, dement the peripheral soil 
horizons, hi the completely arid region, with its scarcity of soil moisture, 
these desert crusts become less frequent. In both types of region the 
ground water is confined to favoured spots, as a rule to the alluvium- 
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filled btisius, and it ties very deep down. It is salty, often a concentrated 
brine from which salts .ire precipitated locally where the water table 
comes io the surface (salt lakes), Soil colloids art by no means absent; 
however, they are mobile not only when they are thoroughly wet hut 
ako fas already pointed nut) when in the dry state since, because of their 
adsorptive saturation with salts, they form fine loose crumbs’ 4 . In the 
arid lielts* it is ins&tation wbkh determines the prevailing form of rock 
reduction. Especially in the completely arid region, (lie rubble formed 
is as a rule dry and therefore practically always highly mobile. In the 
semi-Arid region ihb is the condition only during the dry period- [n the 
rainy season there is often considerable soaking of the material and it 
then becomes still more mobile for that reason, the colloids playing no 
small part hi ibis effect, On the other hand* at the times of transition 
from dry to moist and vice versa, the mobility of the material reduced 
under arid conditions is lessened, for the reasons stated above (p, 56 ), 
Thus the general position is as follows: from the equator to the edge of 
the ice caps* ml need substances develop which* on account of their own 
nature and of the climatic condition?, under which they were formed , 
possess the highest possible degree of mobility- In every climatic region , 
there are tiplimu fm mobility 0 / the muter ini derived pom the rocks. Pro- 
ducts of chemical weathering* highly mobile when moist, and becoming 
bound and immobile when dry, are developed just at tlutse places where 
moisture is abundant during the course of the year: and it is in exactly 
auich spots, possessing these very favourable conditions, that the 
material of mechanical weathering which is most mobile when com¬ 
pletely dry or thoroughly soaked, is developed. 

In addition to tins invariable and clmraetemtie feature, which is a 
fact of the greatest importance from a morphological point of view, there 
are the various types uf soil products which art peculiar to the individual 
dim at it region*. These are termed climatic sail Wti 1 *, Taking into 
account only the end-products of red net ion, such as appear in a climatic 
region under the must favourable circuinstantes— and the distribution 
of these am then, according to 13. I -mg. be recognised frv a definite 
numerical value of the ram factor—the following soil hells succeed each 
other in tills order from pole t o equator: 

Frost soils of medianiud disintegration,] nival zone 
having tile colour of the parent reck J polar to ne 
Black raw humus - nub*polar transition zone 

{super-humid regi on ) 

Black earth (dark-cutuured yellow earth) - lempenile humid region 

B ruwft cart h (d ar k<obured yel low earth) - tra national 

Red earth * semkhumid region 
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Yellow-grey steppe soils (insnhrion nibble) 
Insolation nibble the colour of the parent 
rock ^ 

Steppe soils - - - - 

Red Interne 1 ] 

Red earth Jf 

Brown earth (dark-coloured yellow earth ) - 
Black earth - - - 

Raw humus * ^ 


semi-arid region 


arid region 
semi-a rid region 

semi-humid tropical 
region 
transitional 

humid tropical prov ince 
super-humid tropica] 
region 


The colour of the soil proves to be a characteristic feature r *. And if, 
during the course of the year, different climatic conditions obtain, 
seasonal variations in colour cm be observed in the transitional 


regions n r In the same way the superposition of soil types of different 
colours can lie taken as an indication rtf climatic changes and a very 
sensitive one, for these actual transitional regions”. 


8. LIMITS OI- WEATHERING 
ff the weathered substances remained where they were formed, the 
Sand would he covered with an increasingly thick layer of soil, its upper 
horizons consisting of the unalterable end-product characters ie of each 
climatic ty pe, The question is to v fiat depth the rock decay could then 
penetrate. 

It has been shown ip, 53) thai the lower limit of mechanical reduc¬ 
tion, by mechanical and chemical weathering, is to be found at a depth 
of a few metres,. Chemical change*, however, take place below ttsat They 
continue down to the level of the ground water I lie properties of this 
arc quite different from ih tm\ of iht seepage water reaching it’ it is espe¬ 
cially poor in oxygen—oxidation processes, therefore, mine in an end at 
this level—and so it is richer m carbon dbtirlr. In particular, the arra¬ 
tion of the rocks, which is essential for their decompnaiuact, ends at the 
level of the ground water. And finally, chemical products of whatever 
kind, precipitated near and below the water tabic, show that the ground 
water is saturated with mineral matter. Thus the water table separates 
two zones in which chemical processes take place in the reverse direc¬ 
tion. Below it, b the zone of cementation, the realm of diagenesb; above 
it is (he area in which chemical ueatlicrinu and solution are at work 
(zone of oxidation). 

I f the products of chemical weathering which remain at their place nf 
origin are in the form of stable end-product* right down to the water 
table, then any further transformation, any further reduction, ceases. 
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The kvd of the water tahk is their absolute Lower limit. The thickness 
ot such a soil cover, forming undisturbed, would depend solely upon the 
portion of the water table. That is determined first by the climate—in 
hiuiiiJ regions is in nearer the exposed surface than in arid ones; then by 
the kind of rock—it is loner down in permeable than in impermeable 
areaai and finally by the surface relief which is approximately followed 
by the water table. It Sirs farther from the surface beneath elevations 
ihan beneath depressions. From this it i* easy 10 decide between what 
limit* die thickness varies for an ideal soil cover, developing undis¬ 
turbed, and also its world distribution. Comparing ihia with what is 
actually found to bt rlie case, we gain a most impressive picture of the 
continuous and far-neaching effect of the denudational processes which 
everywhere hinder the formation of an ideal soil zone, 

9 RBLATION^nr OF WEATHERING TO 
DENUDATION 

Nowhere in the world docs the water table lie immovably fixed, even 
if the climate and the character of the rock remain unaltered* stsy more 
than reduced material anywhere remains at the place where it was 
formed. Fur a* tins moves away—as happens on every inclined laud sur¬ 
face, *u long as it is nut an area of deposition—tile exposed surface is 
ctmbnumiHly lowered* and the level of the water table sink^ with it. 
Where vet denudation is taking place on die earth, the lower limit of 
weathering is in consequence gradually moving down deeper, Lc rones 
of mdt. which til! then were subject to diygenc&is, arc now subject u* 
weathering. What is true for the lower limit of weathering naturally 
applies also to any barton of the profile above it: the border scone, espe* 
dally important for denudation, between the horizon of rock loosening 
and that of the rubble, is under such circumstance- abo in a position to 
move downwards and is compelled to du so. IF# sfuxtt £<ttl this proem? the 
renmW of txpomr r. 

Renewal t>v Expohjhh 

It takes place more rapidly, the greater the quantity of rm-k material 
removed from any point in unit time; in other words, the more intense 
the denudation* Thus Twntxzid of rxporut? is <t function of the intensity of 
denudation* As only loose partidei of rock can bt carried away; it has 
also a definite relation, to rock reduction, and to the amount rsf rock 
reduced in unit time as well as to the degree of reduction, in the one 
limiting casc. the tiny pieces (cave the pbcfc where they were formed im* 
mediately after having been loosened from the body of the rock. Thin 
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means a rapid renewal of exposure, since each lime pieces ate removed, 
only those relatively fihort intervals of time have been needed which, at 
a given place, are required for the loosening and detachment or frag¬ 
ments from the parent rock. It is merely the horizon of rock loosening 
which can he produced, and not any soil horizons of a farther advanced 
degree of reduction. Bare rock crops out (p. 05). It is the sign of very 
rapid, very iutefise denudation. And this means that (a) the rock frag¬ 
ments are removed immediately they have been detached from their 
connection, and ( 6 ) that the horizon nf loosening develops at the surface, 
i.e, with unimpeded exposure, and under such conditions works down¬ 
wards more actively than any of tl« other zones in the profile of reduc¬ 
tion. Here, therefore, within u definite length of time, a Jaytr of tuck of 
the greatest possible thickness. with the maximum amount of rock 
material, is reduced and changed into a form just sufficiently mobile for 
the denudation which follows immediately. Denudation here is intense 
because great quantities of rock arc removed m unit time from their 
place of origin, not because the material is t hen rapidly moved on. 

In the other limiting case, reduced substance leave their place of 
origin only after such Jong intervals of lime that, during them, chemically 
stable end-products have formed 5 * far down us the water table. 1 his is 
the limiting ^0* for cumulative weathering also, Elvtwcitti these limits, 
the relation between renewal of exposureand rock reduction gives rise to 
a continuous series of an infinite number oS link? from which only one 
will be Taken to illustrate the general conditions. Suppose that, at a cer¬ 
tain place, a complete soil profile comes into being, with unaltered rock 
at the base, the zones of loosening md of rubble above that and the 
horizon of the port, very highly mobile cnd-produci at the top, mid tint 
this profile just maintains itself. Then the removal of the reduced sub- 
etarv’w from their place of origin (the renewal of exposure! require* just 
as much time a; weathering needs for the production of the highly mobile 
end-product. Only this moves away: it is prepared afresh to the same 
amount, and rock destruction reaches down into the rock that was in¬ 
tact. A stationary condition is set up. 

The same of course applies to any link whatever in the selves, when it 
is nil longer the pure end-product iliat is formed and maintained at the 
top of the soil profile, but any horizon uf a lesser degree of reduction. 
However, these are cases of quicker, more intense denudation; for the 
less the degree of reduction in the zone of soil which is upprrrntut and 
therefore exposed to the full, the more rapid is the rate of formation, and 
the greater the quantity of rock which in a given length of time attains 
the mobility needed for migration, and consequently leave* the place 
where it originated. In any con, mice ort it given gradient a particular 
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degree u] mobility is required to make the material unstable and ju ff tfn rffflff 
iti migration, rtmimat of material on that gradient must be related (a the 
length of time needed for the process of reduction to produce the required 
mobility. 

Two essentially different processes arc at work* and they must he 
sharply distinguished since they have an entirely different sigmfiL-anix 
iiiui their varying mutual relationship leads in entirely different elfects: 
(a) the intimity of thr denudation r which is expressed by the quantity of 
reduced material hat ing its place of origin in unit time, and (&| the rate at 
which the reduced material then moves m f which is expressed as the 
distance it travels in unit time- It depends upon the kind uf denuda¬ 
tional lc minions and upon the type of material moved, and it will be 
discussed later . 

However* the quantity of rock made available in unit time for removal 
by denudation, i.c. which has acquired the mobility that, at a given 
place, renders it unstable arid thus necessitates spontaneous movement, 
t* always the result of an equivalent period of reduction (p. 51 \. this 
uniformity in the time of preparation needed to bring reduced material to 0 
definite degree of reduction (s mobility ) provides a measure for intensity of 
denudation. The spontaneous removal of the reduced nock material can. 
for hs maximum rate, take place as fast as its preparation. Only what i& 
available for removal by denudation, what is loose, can be removed, and 
spvnliim:ousl}\ by which is meant the movement of the small pieces from 
their place of origin of their own accord under the influence of gravity, 
as contrasted with tbeir forcible detachment from their more or less 
loosened connections, and their premature** removal from their position, 
eg. by litavy material moving from above. 

If we consider conditions uf denudation where there exists, in adjoin* 
ing areas, a series ringing from pieces of rock only just loosened ( through 
materia! corresponding to the re-arranged rubble horizon to, finally, 
higbh mobile end-product which arc only jum being removed from 
their place of origin, then it is seed that this series corresponds to one of 
a decreasing rate of denudation. Jn each case it equals the rate of forma¬ 
tion of 1 he respective soil horizons; snd—as we have shown—this 
place more slowly the more highly middle, Le, the farther reduced, are 
the products to he formed (p. 51), Consequently, spontaneous denude 
tirai can qitnm the greatest possible intensity where ilic rock reduction 
goes on in the most vigorous, most rapid fashion. Other things being 
equal, this 1* the case 011 a freely exposed rock surface, It occurs in the 
horizon id rock loosening* the deepest zone of the profile of reduction 
and the one which—with unreduced exposure—develops most rapidly 
tuid advances most quickly towards the interior of the rock fpp. 
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A& a nite. bare reck is associated with *tcep slopes, since it cannot appear 
without a definite relationship between the two processes (ff) and [b ) 
mentioned on p 64- If in unit time great quantities of reduced rock 
material leave ^heir place uf origin |iftphdng great intensity of denuda¬ 
tion, ami if* for some reason or other, they aho move away comparatively 
ilowly, then there appears an accumulation, □ Jamming up of the 
material, and the denudatmmd surface becomes covered with it. In ihit 
way its exposure is derreami, «mt/ to the rack reduction til Ihh mtftti* h re¬ 
tarded fpp. 54-55)* and then- neeestorily fotkmr a diminution in (hr mien- 
nty of iitnudfitiim m tit there ri equilibrium betievm the preparation of 
material for r wwying aicay mid its attml transport. bare rock can outcrop 
only when further rapid removal of the detached rock fragments from 
their place of origin is followed by rapid further transport. 

The immediate consequence of these relations, the proof* a* it were, 
that they are us stated* is a phenomenon governed by la tv and easily veri¬ 
fied in every one of the denudation areas of the world. But so fax it has 
been, in most cases* overlooked: The distribution of ivfathered material, 
and tit type, depend upon the intimation uf the dopes 1 ^ In general, the 
thickness of the soil cover increase* as rbe steepness of the substratum 
diminishes. 7 Tiis is to l*e seen not only where transported material is 
held up, as at the gentler foot of a dope where increase in thickness is 
the result of accumulation It is alw* true where the sedentary ^il profile 
does noT i either in type nr mode oi formation, appear u> be noticeably 
influenced or altered by material transported from higher up. Not only* 
however, dues the thickness of the layer of soil decrease up the slope, 
hut the furifur ruk applies that, tU slopes became steeper, only the Itrirer 
horizons of the normal hi(7 profile ate developed at the surface, 0n the 
gentler slopes we find, al the tup of a thicker soil profile, an horizon 
which has undergone more thorough reduction, or even one showing the 
pure end-product; on itrepcr slopes there b only the rubhty horizon as 
the uppermost fo mint ion of a less developed profile- With further steep¬ 
en ing, there appears the nearerly-eovered *onc of loosening, and finally 
the hare rock. Where rising slopes are com jve, as for instance on the 
uppermost parts of the German Highland*, almost the whole soil profile 
may occasionally be crossed as one moves from l>clt>w upwards 411 , the 
horkon being lower the higher up it outcrops and the steeper the slope. 
Just 35 in a mil profile, the horizons arc Tmt sharply divided from each 
other, neither are they m this arrangement where they are no*! one 
another at the surface. .Vs slopes become steeper, the soil cover becomes 
thinner and aLui poorer in end-products. and its composition shows an 
increasing proportion of angular pieces of rock. This is true fur humid 
well as for arid regions. 
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Olock Reas 
s OF BROKEN RcjCItj 

These ^rc a conspicuous and widespread feature of the German High¬ 
lands. The rules just considered apply to most block seas, which exhibit 
very clearly tlic relationships mentioned al>ove, They are accumulations 
of blocks of stone, frequently of a considerable size; and fine-grained 
packing material, especially the end-products of weathering, is absent 
from between their surfaces. Von Luzin ski, apparently for that reason, 
took them to be the result of mechanical weathering, more particularly 
of the frost weathering which was thought to have prevailed in the extra - 
glacial regions of Central liurope during the Pleistocene glaciation* 1 . B. 
Hog bom, followed by W. Salomon, went a step further, taking the 
blocks to be Pleistocene rock streams on account of their occasional— 
not very great—resemblances to the present day block streams found in 
polar regions, He considered them to have originated, and to have 
moved, in an analogous manner, but not to Ive developing any further 
nowadays 11 ’, The feature is thus considered as fossil, and as haring been 
conditioned by climate; and Meytr-Harrassowitjt drew from it far- 
readi ing conclusions as to the nature of the Pleistocene climate in the 
eMin-glaci.il region of Central Europe* 1 . 

Obviously, theory and hypothesis have here far outrun observation. 
In individual cases, there are some features which indicate that the ac¬ 
cumulations of blocks have in the main had their origin in the geological 
past—to place them in the Ice Age or in one of the ice ages is a mere 
assumption not proved by any observations—bui in most cases they can 
be shown to be developing further and to be moving as much as ever at 
the present day. It is riot possible to generalise from cither the one or the 
other of the two sets uf observations. It can only be stated in genera] 
terms that the slowly-acting processes of rock reduction, like all the pro¬ 
cesses taking part in modelling the present land forms, reach far tack— 
often considerably farther than into Pleistocene times; at some places 
they came to an end at a certain lime, having produced this same form; 
at others, however, they are today still working in the same direction. 

A whole series of facts makes it evident that block seas arc not j 
phenomenon due to climatic conditions; and, more especially, that they 
are nor connected with the sphere of mechanical frost weathering. First 
of all: they occur in regions which were out of Lhc way of any frost action 
even during tta Pleistocene period. For instance, I found them in 
Uruguay on the steeper slopes of insel bergs of granite, syenite or quartz¬ 
ite which rise above the surrounding country in the southern part of the 
Brazilian shield They were again observed at every altitude on serpen- 


BLOCK SEAS 


6? 

tine and andesite elevations in north-west and central Asia Miaor, here, 
roo, connected with slopes of a definite gradient. Jit exactly the $mne way 
the block teat 0/ the German Highlands are associated with certain type* of 
rock which thaw a tendency to break dawn into more or lets coarse blacks, 
and they occur an slopes a/ a definite gradient. If here they were the pro¬ 
ducts of Pleistocene frost weathering, it would be not only a few definite 
rock types that would have a share in their com position, hut all kinds 
which had the same exposure, since chemical weathering is for the most 
part excluded from the region of frost weathering. But upon investiga¬ 
ting the scree, which is equivalent to the block seas and which has 
formed near the® in districts w here the rocks have differing properties, 
one finds that it show’s unmistakable traces of chemical weathering* in 
every profile and at every horizon. This is more marked in the deriva¬ 
tive* of chemically unstable silicate rocks than in the more stable sedi¬ 
mentary ones such as limestone, mark clay, quartzite, etc., and Ic^s 
marked in the nibble horizon than in the higher horizons of more ad¬ 
vanced reduction. Here, even a geologist's experienced eye cannot gener¬ 
ally recognise from ihe formation altrne what part chemical weathering 
hua had in the mechanical reduction of the rocks, and what part the frost 
shattering now* attacking them, not to mention a possible part Taken by 
weathering under conditions of Pleistocene cold. Would it be likely tins 
in the German Highlands only granite, basalt here and there, massive 
basic rocks, Devonian quartzite,. certain horizons of the Bun tor sand¬ 
stone, and in some places schists tunned by contact rnelarnorphism. 
should he reduced by riost weathering while the long scries of other 
Type* of rock remained unaffected? Ur would the derivative* of only the 
litter have since been further attacked chemically and altered, whihu the 
above listed rocks of the block mos were preserved unchanged? 

We can come to grips with the question only if we replace the inter¬ 
pretation and explanation of what Ls on the whole a rather small mimher 
of observed facts by new and more thorough research. Such was made 
by O. H. Erdmannsdorfer in the Harz*, and finally by me in the llarz, 
Fichtdgebirge* and Black Forest. Two *cts of accumulations of blocks 
can be distinguished The one consists of meet, accumulations of 
broken-down fragments which pile up on steep slopes and because of 
their own movement occasionally spread nut and flatten as they extend 
downwards. Often, but not alw ays, they adjoin a rocky source oi supply 
and they consist uf angular fragments, bounded by joints and fracture 
planes. Example* may be found in the block fields of achbl in die f Jder 
valley, of granite in the Bode valley (Harz) as well as the rock seas of 
Gunter sandstone in the Odenwald Atni Black Forest, It has been shown 
that the last named are accumulations of pieces from the resistant upper 
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layers—which only rarely stand ui it as rocky crags; bdnw these, the 
mure crumbly lower bed i* weathered out and gradually washed aivay p 
especially where springs emerge, so that the overlying rock masses break 
off**. 

The second type t>f blech sea is only exceptionally connected with a 
rocky ^un:c of supply. Much mure often the source i& in the substratum 
of the actual accumulation* of blocks, Moreover, it dura not extend over 
i heir whole area, but is associated with those parts of the slopes which 
have a quite definite inclination; whilst the blocks, on account of their 
downward movement, have often come to rest upon the slopes below, 
whkh a re con a i derably 3 ess 5 leep. 

Oft the Fichtclgcbirgc (l-.c- at the Kosscsne near Wald&tcin, Fichtd- 
berg, etc.) and in the ftcigliltourhood of the Urodten in the I lane, numer¬ 
ous exposures lay bare the sub stratum uf Lhe block fields of ^rimucatid 
—in the Fichtclgdiirgc—dioritc blocks. Above coherent fissured rock 
there cats always he found a zone measuring several metres (on the 
Lli ben burg, iFkhldgebirge. io metres thick!) in which roundish blocks 
of solid rock are embedded in u weathered product of far advanced 
chemical decomposition. The aimetiiir is lucre everywhere preserved 
intact, lhe block* as well ar the decomposed material between them still 
remaining associated with one another in their original positions. ( In the 
case of the Prorerobase* of RehtelbcTg, the detritus i* a loamy end-pro¬ 
duct; in (he case of the granite, ii is a fine crumb-like and more or less 
loamy gnt)- This structural cohesion is no longer present in the Case of 
the next Uglier horizon ($-5 metres thick at the Lu hum burg). From 
[he loss of structure, from die pulirrisaiion uf the mure loamy granitic 
grit and the packing together of the Li locks pushed one above the other, 
it may be recognised that this zone b one of complete rcammgematu 
and of movement^ Ijocaliy* blocks still tn place reach from below into 
the zone of movement, but otherwise its lower limit b sharp though with 
irregular pockets, like the l Mrs! of a river, 

G, Kietorn (/«r. at)** 1 ) has re parted such profiler from the Odenwald 
also. They ore the rule anti recur with every kind of variation, ll follow*! 
from them; 

t. that the fragments—particularly those of the typical block seas of 
granite ami t- f analogous c v ,. basic, igneous masses— have been 
loosened from 1 hr rock fabric not by mechanical but by chemical 
weathering; 

s. that the tendency to form Mocks ts sa specific quality of the rocks 
ctnicenied; and 

I * A spetiul lyp« ( of diahaie found in the Irichlrlifcbtrftc, dF earlier a^e than 
the tuber diflbocs thrre.l 


block seas 

j, that the source of supply of these hlocktt lie* in their own sub* 
stratum, 

Thus they correspond in every respect to an horizon of n norma! soil 
profile of chemical weathering, and have absolute ty nothing to do with 
the etfects of ‘pcrigladnT or polar frost*». The problem now arises as m 
wluti conditions can make scute this tendency to form blocks, so leading 
to the development of a block field. 

Where sufficiently deep exposure* prove tliat the urgiii of a block field 
is of thiu above-mentioned kind, there b nothing l* 1 lie seen at its surface 
of the decomposed sandy detritus, rich in colloidal end-producis, which 
at lower horizons forms a very well developed matrix, ftalher, block 
rests upon block, the material between having been removed, washed 
away. In galley* and valley tracks, where running water culled*, the 
tain wash is more thorough and so there ts ;i hotter de.s tlopntcfii 
accumulated blocks that are impoverished in respect of materia! be¬ 
tween them. This is also the case whore there are no block seas on the 
adjoining slopes, so thal there can be no accession of fragments occa 
stu dally eliding down, or rolling, from them. 

Vfl even in such vsllev furrows, the blocks cease to be dominant w ten 
gradients become less. Exactly the same thing may be noticed in the far 
more numerous block fields which develop un -dupes away I ram valley 
courses. If these pass either upwards or downwards into slopes with a 
smaller gradient, the blocks are seen to sink more and mure into the 
ground—whether n is wooded nr nut makes m> tli»trfiuc, rndv therr 
tops poke up here and there, and finally even these disappear. On 
exmniruitiori. ihe sail ta founti 10 consist of coarse ^riity products ai i c- 
CpJiipofiition, mixed with rather ^rriAll lumps, or of gritiy losm in vvhicti 
How larger isolated fragments dial disappear when thr inclination nf the 
ground is less than to' 5 - Tlic phenomenon follows this law. with de¬ 
creasing gradient the block seas disappear: th*v are replaced at the sur¬ 
face by material in which reduction has emu* umber, a tine gut mote 
like tlic end-product of chemical weathering. It is only such material 
that is, under the given conditions, sufficiently mobile to move away, 
And even if. here, the granite amongst it dkirtlegntcs into blocks fv.fr, 
in the quarries at Platlcnstein, t ichtelgebifgc), the blocks sldl have to 
remain where they vven; formed, and under such condition* 11 lcimtmterial 
becomes transportable only when it lute been changed imo a mixture ol 
loam, grit, and coarse fragments, or—if the dfijx of the tjWUtid is 
less, into a mixture of loam and grit* or—finally—into highly mobile 
loam. 

Conversely, block seas are typically displayed where the dope in¬ 
creases {M gradients averaging'15' 30 ) The exposed profits prove 


REDUCTION 0¥ ROCK MATERIAL 


70 

that the material is moving: w r hat carries out 1 he movement is the lower 
layer* a mixture of blocks* gril and bam: the upper layer of accumulated 
blocks is on the whole passively home along, P llie movement of the 
boulders i* indicated here by the trees* at every stage of growth, which 
have their roots in between them, and arc frequently found to be bent 
and pushed out of position**- Increasing steepness of the substratum 
Itiadb to the transition from block seas to hlocky scree, c,g. at the fkein- 
emc Kcrme in the Harz. The blocks are less and Jes$ founded, Diming 
into broken angular fragment 1st tow which is visible the bare ruck; no 
longer is there any higher horizon of the moil profile, no thick stone of 
chemaca! weathering. 

Thus, in just the same way* typical rock seas of granite are not related 
to rocky difFs as screes are to their rock source. This is perfectly dear 
from an examination of the cliffs which jut out from gentle slopes. 
Occasionally they are surrounded by a festoon of fragments* eofrespond¬ 
ing to the normal screes found at the base of precipices; they gradually 
disintegrate into a heap of rounded blocks but no block fields or stone 
river* adjoin them. Bather do they form elands of blocks in the midst 
of si countryside where the rock h more highly reduced; and the materia! 
from them is Incapable of being transported rill, like the surrounding 
granite, it has disinregrated into loamy grit and rubble. Thu* on the un¬ 
called second terrace of the Bithynian Olympus, all transitions can be 
found from high projecting cliffe through tower like piles of rounded 
blocks and groups of single block* to rubble heaps, all that remains 
of former rocky cliffs 3 *. Such examples are also widely distributed 
in the Hare and Fichielgebirge. 

However, a different picture is presented by the clifts which rise up 
firm the steeper stuped or are superimposed upon their upper margins. 
They then often appear as a source of supply for block fields, without 
contributing the main pare When their surroundings consist of the same 
rock materials disintegrating into blocks, a rather steep slope, even if 
ihem are nut actual dills, will feed a rock sea. If, on the contrary, other 
kinds of mck are exposed on the hillside, rocks which have no tendency 
to disintegrate into coarse blocks h then narrow strips made up of blocks 
lead down from the dirts—screes drawn out as ji were into tail#— and 
make dear what a smalt contribution is brought by decaying diffe to a 
rock sea surrounding them. 

Summary 

The block seas of granite and kindred formation* have here been 
treated in ^umewhat greater detail since they bring out clearly the con¬ 
nection, conforming to definite laws, l>cfweeri nock reduction and derm- 
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(iatinn. Apart from ihose portions* of the Iritispofted mass of blocks 
which have migrated as stone fivers and so have reached the gentler 
parts of slopes, a process which finds its equivalent in the displacement 
of scree nwiens!, to he discussed late/, we find that the block fields cor¬ 
respond to definite horizons in the profiles of reduction, these reaching 
the surface on certain gradients. On steeper slopes they are replaced by 
deeper horizons, less reduced; on gentler ones hv higher horizons at a 
more advanced degree of reduction. This arrangement is no longer a 
simple effect of weathering, but it already shows the influence of denuda¬ 
tion. It pTvcti that tit the preterit day there is spontaneous migration of 
reduced material: it further shows that spontaneous denudation is more 
rapid and more intense on steeper slopes than on gentler ones (p, (14.). 
The preparation of mobile material that can be removed by denudation, 
as contrasted with denudation itself, stems to be delayed more where 
the slopes are slight, On steep ones the soil cover i$ thin and the pieces of 
rock are removed soon after they have been loosened from the rock 
fabric; on gentler ones the soil Cover is thick, since far-reaching coni- 
mimilion and the malting mobile of the material must occur before it is 
possible for pieces of rock to move away From this tee ran deduce the fti'o 
fundamental prerequisites for removal by denudation: inclination nf the 
ground and mobility of the material. J he arrangement of the reduced 
material on the land surface, as illustrated by the seas of granite blocks, 
shows that, to be able to move away, greater mobility is needed the less 
the inclination of the substratum; or conversely, the steeper the shapes, the 
leu the mothti tv needed for the removal of the material by denudation. For 
denudation, tnkick acts Ot*r the nho/e turfaer, (he ratio of the inclination uf 
tke ground to the mobility of the rtxk derir alien is the determining factor 
Other things being equal , the intensity of denudation increases with the 
rtmipmm &f tht il&pts (ace p. ^5). 

Only one link in this relationship can lie referred to weathering, rock 
reduction, i.e. rendering the material mobile. I his depends upon the 
properties of the rock and upon the climate- For a giv en place, the rock 
properties determine the amount of rock which can in unit time be 
brought into a sufficiently mobile form by the reducing processes at 
work there. Climate determines the kind of reducing processes, and so 
the type of reduction products and their composition. But it by no means 
decides the characteristic feature of rock reduction itself, which goes on 
uniformly over the whole earth, and in all climates, and which is alone 
relevant for demi Jation. Everywhere, in all viiinutes, thusc relationships 
which give it the greatest possible mobility are found in the conditions 
under which it is forming. Thun no climatic region provides especially 
favourable tondirion? for the production of the mass movement which 
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tilings about denudation over the whole surface; and so there is no possi¬ 
bility of different dmudjidonaj fonra, which hud a different course of 
development, arrsiiiE in different climates, provided the ntdagertrlk 
premisses are the tame* 


CHAPTER fV 

MASS-MOVEMENT 


W eathering by itself Joes not produce any I and-forme. It must he 
emphatically it rested that these arise only when the weathered 
materia] leaves the place where it was formed, Lt. by denudation.* The 
driving force for thh is alway* the force t ifgrttvily**, whether the dis place¬ 
ment of material along the earth's surface occurs spontaneously or is 
helped by a mo ving medium. Of such media, those acting on tile earth 
are air, water and ice. It Is only if there is a gradient that they begin to 
move. Hence their motive power also is the force of gravity, whether the 
gradient is caused by the inclination of the substratum beneath the 
medium, or by differences of density within it. I he particles, make for 
their goal by die shortest possible path in. the direction of the gradient. 
For that reason, and because of its vastly different hut also relatively high 
mobility (even in I he case ui tee), the motion of tne medium is a con - 
titiuou-. flow along definite paths of movement which are demarcated 
from their surroundings. The morphological efficiency of the moving 
medium is naturally confined to those paths, and it therefore has a 
tendency to hr linear . On land, these dense media, water and ice. show 
this characteristic most clearly: here their weight forces them against the 
surface of The solid ground, their movement follows the slt>|it. their path 
of movement becomes bordered by firm banks, if such were not already 
present. In these respects, the much lighter and more mobile air behaves 
differently. The paths of its movement are not bordered by firm banks, 
they vary in position, and the movement at its base appears not to obey 
the force of gravity, since wind blows over mountain and valley, rises and 
falls. Water, however, does the same thing along the irregular floor of a 
river, and. the phenomenon recurs in other gravitational streams, I’ rnm 
a phvsicHI standjxiint we must put currents of air with currents of waten 
fur then the movement and tnorpholupcal effect at the bottom of the 
paths of movement within the two media become comparable. In the one 
case, the river beds form the bare: in die other, whole stretches of land. 
Thus, in respect of the individual slope* Composing 4 landscape, move¬ 
ment of the air is indeed independent of the gradient; and it .lttacLs over 
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the whole area, jitflt as filter attack* the river bed, or lee the bed of the 
glacier* over its whole area. 

Tile immediate effect which moving media have on the solid surface 
of the earth is the removal of solid material loosened from the rock tex¬ 
ture P a* soon as this enmes within the sphere of the paths of move me tit. 
Caught In the stream, the rock derivatives appear to lie passively carried 
along by some means of transport, irrespective of possible movements of 
their own. With A. Penck, then, we speak of mass-trampari** < This U 
restricted to the patlis of moving media. Outside these, there is the spon¬ 
taneous independent migration of the reduced substances; and indeed 
this occurs on ell slopes when rocks are being reduced, and where the 
inclination exceeds a minimum amount which observation shows to he 
removed by only a few degrees from the horizontal. Ail such movements 
are here grouped a* mau-vmemtnt**. Their combined action produces 
denudation of the itirfncr of the land in the truest sense of the word. The 
direction of the movement—a& contrasted with surface transport by 
wind—is determined by the gradient of each individual declivity of ihe 
terrain. 

Only in the case of a vertical rock face could the full force of gravity 
he put to use in effecting the transport of reduced substances (free fall). 
Where surfaces are Jesa steeply inclined, the driving fatcc that comes 
into play is only that component of the acceleration due to gravity which 
is para Eld to the surface of the ground in the direction of the gradient; 
and it is proportional tn the rinc of the angle of inclination. It ran release 
a mass-move men L and keep it going only when it is able to overcome the 
resistance opposing it. 

i + RESISTANCE TO DENUDATION 

This must therefore be taken mto account as a very important factor, 
ft is to be understood as the sum of the resistance* opposing movement 
towards grade. For all the processes of denudation arc displacements of 
matter directed towards bringing the material into a position of a table 
equilibrium. Disturbance of equilibrium is caused by crustal movements 
which put the rocks into such a position fas regards betiding and altitudej 
that they cannot permanently mm main themselves there, Herein firs the 
ref at font hip between crustal movement and denudation. 

There ss no difficulty' about setting in motion, the disturbed rocks if 
they possess but slight cohesion and sn have mobility, like uncon soli- 
dated deposits or wet day. But most rocks possess greater cohesion, and 
olitain the requisite mobility only through the process of weathering, 
Hedrtancf to denudation occordingk depends in the Jirit plot* ttp<m the 
nohtnott of the rock. 
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Cohesion* of Rocks 

Unweathefed rack which at thcoumet possesses little cohesion (It. has 
a great number of divisional plane*, and consequently great mobility), 
takes part in mass-movement to j ust as g ten i an extent as weathered sub- 
stance^ which have been produced Irani a long series of rocks ol greater 
cohesion and have only in that way acquired their mobility 11 . 

The number of rock types which are already mobile In the mi weathered 
state! or become so when in contact with water, is not groat; their dis¬ 
tribution is far greater. Not only do the still unconsolidated deposits, .»> 
a rale geologically recent, of fltmatile, btrustrine. aeolian, etc,, origin, 
and the clastic uncompacted products of volcanic origin, belong to this 
class, but above all it is the clayey racks* The greater the content of cat- 
Imdid ckxy f the greater, too. is the mobility which becomes effective upon 
muuletting. Since for denudation it b only the mobility of the material 
which i& of decisive importance, there are adaptations of lorm to uth 
weathered rack types of differing mobility in a manner analogous to those 
for racks that have different rt si stances to weathering,. Usually the one is 
taken for the other, and Forms are considered to be the result of differ¬ 
ential weathering when this has nothing whatever to do with the matter. 
An example of this is the 'weathering out' of dykes of igneous rock from 
marly and clayey sediments. These hitter are almost immune to weather¬ 
ing, at any rate incomparably more resistant to it than any igneous ruck 
whatsoever- That ‘weathering out' is the result of very unequal resistance 
to Jen u datum. The clayey rack is resistant to weathering; but when 
thorough!v wet, it jujMesses greater mobility than the succptible igneous 
rack can, in the same time, acquire through weathering. Therefore, in 
unit time, more of ihr former is removed! Carried away by d en u d a ti on, 
thin of the latter* 3 . Thus it will not du to deduce— without further in¬ 
vestigation—differences in raiatifwe tu weathering from the resistance 
to denudation which becomes morphologically vkihlc in adaptation of 
farm to the character of the rack and depends Upon differences in the 
mobility, originally exist me or acquired. 

Whilst, in weathered material, the onset of mobility is bound up with 
the zones of soil which adjoin the surface, in clayey racks it comes about 
wherever these come into contact with water. Thorough wetting of day 
always means a lessening of cohesion hi those racks of which it forma a 
part- If it is evenly distributed. say as cement tn sand-, or calcareous 
xitaui, or a- multiple inlcrcalariun* between less mobile racks, a frequent 
occurrence in the flyach of the Apennines, Alps, etc., then the whole rack 
complex becomes mobile when it is wet through; and tile mass-move- 
mem, as w ell as the form* uI denudation produced, is determined mainly 
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by the properties of the mobile materia!. But even i f a layer of day is 
overlain by rucks of totally different nature, with a higher degree oi 
cohesion, these are affected by the results of saturation. If die layer of 
chiy outcrops, and if it p valleyward dip, then the «, • duplex of over- 
lying rocks cva*e$ to he in equilibrium an soon as water renders the day 
highly mobile and makes jt a 'lubricant 1 , 3 word that aptly expresses the 
properly of reducing friction possessed by swollen colloids. Under these 
conditions, the occurrence of mass-movement, and the forms which 
prise, depend not only upon the properties of the mobile stratum and its 
bedding, but just as much upon the cohesion of the overlying rocks 
and their bedding. Backslides may take place, rocky niches are left 
walled round by bared joint plane*, streams of rock fragments 10II down 
into the valley. These sre phenomena of a kind quite foreign to the 
mobile types of rod:: but they are very often brought about by their 
presence, their properties and thdr arrangement. 

What matter* here is not only the way in which the rock was laid 
down, upon which depend* the arrangement of the planes of lea! 1 co¬ 
hesion (lidding planes, joint pLam-s, etc,), and *0 partly also the patlis 
hy which percolating water penetrates into the heart of the rock, but in 
general upon rise permeability of the rock to Water. This decides, other 
thing* being equal, how much nf the rain fdlane upon an area flows off 
the surface and does mechanical work upon it. how much seeps down 
and is brought to any clayey rocks which may happen to be present, and 
which become mobile. In the case of these latter, so far as they outcrop, 
the effect of great mobility ts reinforced hy that of the impermeability 
which renders; them highly susceptible to the attack of rain wash as com¬ 
pared with permeable (porous louse-Lexturcd. fissured) types of rock. 
These? conditions account for the extraordinary case with which the 
clayey rucks, which can scarcely be attacked at all by weathering, break 
down atid become unstable in response to dcnudalton, a feature which is 
their special characteristic *\ 

Cohesion is the resistance opposing the commencement of moss- 
movement* The resistance which particularly hinders it throughout its 
course 1* friction. 


Function 

No rcisnhs art available nf any research cm ils magnitude. It 19 at any 
rate very great. Therefore must mass-movement takes plate extremely 
slowly*V a fact which almost prevents direct observation of is. For the 
«rat, a number of phenomena C*(t easpy be traced to fried.and under¬ 

stood from tilt physical conditions associated with it. 

When accumulating masses of rock waste migrate (i,.r. no! just separ- 
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ate liulc pieces of rocki there is fnenon between the coui}mi]ents 
iTiterwii/rktiim- iitid between the moving mags and the substratum over 
which ll panics —external frittiart. In both cases there is sliding friction 
and rfpiling friction; and as a rule not only hard bodies tout also water 
and wet colloid* take a share in die movement. Now, the comittions 
influencing internal friction are these; 

(n) it mcrcaec* with the wc of the area of eonuc*, md is therefore 
less in the oast of Cuttle material than of fine; 

l*) it increases with the weight (pressure), and is therefore greater i» 
the lower soil horizons than in higher ones, and on steeper slopes is less 
than on gentle tines; and 

(e) h is greater, the more angular and the less rounded the components 
(roughness of grain), The size and shape of grain are influenced hy the 
properties of the rock, especially in the first stages of reduction: but they 
are also inline need by the processes of weathering dominant at the given 
place. For instance, under desert insolation-weathering, a sandstone dis¬ 
integrating into its individual grains provides quite different conditions 
tor friction inun those where tlw rock i* cwnprnl and hoi nigencotis, 
fracturing along joint planes, even if both are at the same siage of reduc¬ 
tion, On rhe other hand, w I iere there is similarity in the character of the 
rocks and in climate, the size of grain diminishes with increased reduc¬ 
tion, and the shape becomes more and more rounded. This change can 
be traced in any soil profile. The friction is partly caused hy the edges 
and comers, since they have surfaces which are particularly large in 
relation in their volume, This means that they are the places most ex¬ 
posed in attack and so they disappear very rapidly. *Thus, as it becomes 
further reduced, insolation rubble shows excellently hour the pieces of 
rock become rounded as they become smaller, A similar effect out be 
recognised in the upper horizons of chemically weathered soils where 
fragments of reck, if still present, are at least rounded at the edges. 
Further, the coarser components mutually wear each other away (attri¬ 
tion), and this plays an essential part in rounding mobile weathered 
material, whatever its origin. It indicates that fulling and relating pro¬ 
cesses are to the fore during mass-movement. 

{</) The last important point is that friction is always greater with the 
transition from rest Lo movement than during movement. 

It follows that, as a general rule, friction decreases from the bottom of 
the sod profile upwards, in the direction of decreasing weight. There¬ 
fore, on A given slope, the material above mom more rapidly than that 
lying below it. even if both have the same degree of mobility. This lias 
often (mi, observed directly in streams of homogeneous rin ks derived 
from landslides, both reckfall* and slumping, and it has been repeatedly 
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described ap a rolling over and over of the material. It is just the same with 
the slow movements of the reduced materia] mantling the slopes. As the 
still effect of tree trunks [see p*109] eloquently proves, the upper horizons 
here move dong more quickly than the lower ones, Not only have they 
greater mobility> hut in particular they have a slighter load to support. 
The result of [his distribution of mobility and friction in the soil profile 
is that the superficial cover of weathered material does not move equally 
Throughout as ;] uniform system, but there ate different rates for any 
given slope. so than the upper pans move along what are at that time the 
horizons lying below them, the topmost parts having the greatest speed, 
those deepest down going the moat slowly. This type of movement is a 
foiling over and over, not pushing nor sliding, and its physical analogue is 
Jtotv**, 

These differences in friction, caused by unequal Iuad T arc particularly 
well seen where the soil cover is of a different thickness in adjacent areas. 
tjci us first consider uniformly inclined slope* with the soil profile de¬ 
creeing in ihtdmeas iipstopCj exposing whar were lower homaua, The 
rubble horizon that follows immediately above that of the loosened rock 
would of itself have the same friction everywhere; but in one ca>e it U at 
ihe surface and in another it as loaded with additional material. In the 
first instance, therefore, there is less frictional resistance to be overcome 
than in the latter. As a result—other things being equal—the fragment 
move dow n more quickly from the higher pans of the slope* where they 
are freshly exposed at the surface, than from the lower ones where other 
material is superimposed, GofWqvmtty the degree of exposure « increased* 
and exposure 11 renewed more jukkly in Ik* former than in the latter coir, 
and thu stmplk mean? more intense denudation above than hr I mi' (see pp. 
54 and ^15) The cffrcls of thih arc especially dearly seen wherever there 
is an intersection of slopes having a mantle of reduced material, which 
becomes thinner from the base upwards, but rf continuous* and so 
naturally moves down not as individual hide pieces hut as a macs. I he 
slopes do nm intersect in slmrp ridges, but are flattencd near the top, the 
crests being rounded off- 

This feature finds just as full expression in tile zanies of intersecting 
slopes where the same arrangement of the soil cover goes hand in hand 
with ufj increase in steepness from below upwards. The friction of the 
material rf liefe reduced, nut only because the load decreases ups]opr as 
the soil cover becomes thinner, but alsu because there is 2 decreasing 
prefute on the substratum in the same direction. The pressure Thai 
influence* the magnitude of the friction (the weight of the down-pressing 
mule rial 1 nets at righl angles !o the frictional plane, and becomes lest* the 
steeper the inclination Wlicn the perpendicular is reached, i.e. with 
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vertically rising walls. this pressure is nil, and consequently there is no 
friction to hinder mass-movement**. 

Friction diminishes Kith increasing steepness of the substratum. Therefore 
there ii test resistance to be ot ereome on steep slopes than on gentle ones; 
material is more easily set in motion on the farmer, and lets mobility is needed 
far its migration. This general laic of denudation deals with the one ca/ulition 
(treated an p. 65) (thick affords a urnvtrsa! correlation between the type of 
soil and the inclination of the slope. 

The appearance of renditions teftirh reduce friction h of the greatest 
importance for the whole course of the mass-movement. Attention must 
be drawn to the following points: Throughout the whole journey, the 
moving material, whatever its nature, not only undergoes the far-reach¬ 
ing effects of reduction (unless it is already in the form of end-products), 
hut also its grains become smaller by mutual attrition, as well as some¬ 
what rounded. Mobility is constantly increasing as it moves from the 
region uf supply to the place of accumulation, or to the line of the river. 
Intermixture w ith fine to very fine panicles, and with colloids, increases 
in the same direction, both these reducing friction in even sort of 
weathered material, will tout any exception- V\ -iter, generally more abun¬ 
dant in the lower pans of the district than in those higher up, acts in the 
same way. Thus the conditions for mornumt, even on a very slight gradient, 
are better as the distance from the region of supply increases. I* or reducing 
the friction vet further on these gentle slopes, increasing wetness is an 
essential factor. This is due to the fact that, other things being equal, 
infiltration Increases with diminishing gradient, whilst there is a de¬ 
crease in die amount of surface run-off, Iltat such movement docs 
actually occur an very slight gradients is shown by the spreading our of 
spontaneously moving material (Lc. material not transported by a 
moving medium), on surfaces with a slope of iess than 5 - I hia tan be 
observed at suitable spots in every climatic rant. Din iously this spread¬ 
ing out takes place even when friction has become so great in the lower 
horizons of the accumulated material as to prevent any further move¬ 
ment there*’. ITte overlying material ihen gradually moves along over 
that beneath it. 

Thus it may he seen that, on the whole, as tine girts downstope, the 
frictional conditions become less favourable to movement; while the fic- 
tors reducing friction become more and more pronounced in that «mt 
direction. Tlus is of the utmost importance for the net result ol the 
denudation; in thia w ay movement begun on the higher, steeper parts is 
Continued on lower, gentler a!opes. And there is no indefinitely growing 
Accumulation of material that has become incapable of movement. The 
conditions governing friction and it* lessening do not indeed lead to a 
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situation in which the more mobile material on the gentler slopes is 
moving faster than the rubble on steep declivities—nest to nothing is 
known about the rate of the movement—but they do lead to a state such 
that on the whole, material continues to move downwards so long as the 
gradient exceeds a minimum value of just under 5 . 

These conditions apply to all the climatic regions of the world, as may 
be easily realised if the factors reducing friction are compared with tile 
conditions producing mobility of the material. The two coincide: their 
world distribution is the same. On the whole, there ore present at some 
time or other in every region of the world—other things being equal—opti¬ 
mum conditions which initial and maintain spontaneous stum -movement, in 
to for as this depends upon the mobility of the material and its frictional 
moment. 


Root Systems oj Plants 

The presence of plant mots, particularly the network belonging to 
woody plants, is a most important hindrance to the migration of reduced 
material; and the frequency of its occurrence is second only to that 
of frictional resistance. It has even been maintained that a con¬ 
tinuous cover of forest would entirely prevent the migration of reduced 
material, since this would be held fast by the root system**, llui this 
hypothesis cannot be upheld against the weight of facts. No place on 
earth is known where the tree limit is associated with an interruption in 
the conditions of denudation, which would! be visibly expressed by a 
change m tile land forms. Not one of the numerous elevation* rising 
above the tree-line has either a break of gradient or anv sharp line of 
demarcation between I he forms above it and other* of j different shape 
below. No change whatsoever appears us the land forms when part?, of 
the earth's crust, winch sire tectonically alike, extend from an mi forested 
climatic /one into one richly Wooded. Whether we examine mountain 
system* like the Andes, cutting across various forest belts, mountain 
massifs rising above the tree limit, or continental areas of a different tec¬ 
tonic nature, their extensive denudational areas reaching into the most 
varied climatic regions, some with and some Without continuous forest, 
observation always brings out this one fact: the forest form* a cover the 
presence or absence of which has no marked influence on the fashioning 
of the land. This was as true in tin- past as now. Quite 4 number of 
eminences rise from the tropical forest region to above the present snow 
line: and one is readily convinced, and in an impressive manner, that 
there is nowhere any sharp division, any land-form boundary, to mark die 
line to which Uw early Quaternary tree-limit was depressed in the same 
way as were the oilier climatic zones. If, however, neither the present 
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nor the former tree limit is associated with a dtange in the various bud 
forms occurring nr with any break whatsoever in the surface modelling 
it cannot be maintamed that the denudational processes which actually 
shape die land are taking any different course beneath a forest cover, or 
would be brought to an end sooner there than anywhere else. 

More particularly h die above hypothesis is utterly at variance with all 
detailed intimation cm the properties of the reduced substances! on their 
present migration beneath a euEitimious forest cover as well as elsewhere, 
and on the root systems of the plant cover. 

Here we can do no more than Indicate briefly the essential points. 
Naturally it is possible to consider the influence of root systems upon tins 
movements of rock derivatives only for such climatic regions ns have 
conditions suitable for u continuous forest cover. These axe the humid 
provinces and adjoining parts of their marginal zones. They are areas in 
which chemical weathering is predominant, with the formation of col¬ 
loids end-products. When thoroughly wet, these could be prevented 
from moving along an inclined substratum only b> sieves of the fineness 
of animal membra elvs. Thai, is to say, there cannot generally be a felling 
of roots dense enough to si up the migration of highly mobile reduced 
material. so long as die gradient exceeds a minimum value of some few 
degrees, li could nor he done even In a network of grass routs, which is 
of far finer mcslt than that of woody plums, Thus it is quite absurd to 
speak of movement being brought to a standstill beneath a forest cover, 
even though the roots may temporarily hold fast the ri*cfc fragments of a 
rubble horizon, These do indeed remain in place until further dis¬ 
integration Lis so far diminished their size tLit they can pass through 
the meshes uf the mot network, or until the model*, which do not Irie 
for ever, die off and rot away, so freeing the fragment which had been 
held back until mother root, occurring below, once more holds it up. In 
such a case the root system does act more or lefes like a sieve: the colloidal 
tub&tenufifl and the comminuted pieces of took move away, the larger 
fragments either remain behind or move on at a relatively dower pace 
according to circumstance^ Now and lgiin thi$ can be observed on the 
steeper slopes where the tree mots arc renting almost directly upon the 
surface of the loosened rock. If observers were satisfied with noticing 
that such rock fragments were held fast by the root network and took no 
account of the remaining components of the sml h of the end-products, 
and especially of the w hole formation of the soil profile p the impression 
would indeed he given that denudation was retarded underneath a forest 
cover, though not of course that it was entirely stopped. However, 
wooded regions by no means form an exception to the previously estate 
lishcd law (pp H 05, 71) that with increasing steepness of slope the 
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dudm^ of tiie soil decreases, and c y C r deeper soil horizons become ex¬ 
posed at the surface. This shows that the obstacle which the root-net 
ina >' p |ace in the way of the migration of individual pieces of nibble is 
lar from stopping denudation in general. Obviously its effect is com¬ 
pletely counteracted by the greater intensity of chemical reduction and 
solution. These lead to more rapid formation of colloidal end-products 
mid removal of soluble substances here than outside the wooded area. 

It is only roots which can exercise this sieving effect; and it is actual Jy 
to be observed only on slopes so steep that the root netw ork is fixed into 
the root horizon as if with gtnpplmg irons. On less steeply inclined slopes 
it is quite different. I ron; artificial sections in forested regiuns, and more 
particularly from natural exposures where trees have been blown down 
by the wind, it is possible by systematic search to get a sufficiently good 
idea of the soil conditions and of how they are related to the depths 
reached by roots. This is found to be always less than the breadth of the 
root system; and in areas of denudation it shows, within certain limits, 4 
dqieudenee upon the slope of the soil; other things being equal, the depth 
diminishes as the slope of the substratum increases. On steep declivities, 
*-£■ fa the forested parts of die Alps, or tin the steep slopes of the Ger¬ 
man Highlands, the root system spreads a long way out, reaches a depth 
of only a few decimetres, and rests almost directly upon the living rock 
I he soil is always thin; in type it corresponds to the lower parfs^of the 
rubble horizon winch often lias eery few small pieces, and in (hat case 
consists chielly of coarse fragments, entangled in the roots, and of end- 
products rich in colloids. Here the pressure of the roots in loosening the 
rock is everywhere unmistakable, 

11 is different on the fluttish slopes. Here depth of rooting reaches its 
maximum value, which however fias never been found to be more than 
about one and a half metres. 1 [ere. too. die dense marring u f roots i*con- 
lined to the upper decimetres, below which the network very rapidly 
becomes more widely meshed. A sparse curtain of roc is reaches beyond, 
to the layer one to one-and-a-hatf metres deep. Only isolated strands 
reach as far down as two metres, and tlitre they liave arrived at the zone 
of loosening Here die thickness of the soil prevents the rock from brine 
prized apart by the roots. 'Hirtc figures refer to the root systems of tail 
deciduous and coniferous trees, 

The depth to which the roots extend U> thus approximated parallel to 
the local thickness of the soil In the limiting case, on sleep slup« [ t ;* 
somewhat greater than the depth of the soil; on gem Jr slopes, on the 
other hand, :: is levs, m betw een are transitional conditions, characterised 
by ■ diminution m rod thickness and root depth as tl w substratum be¬ 
come more steeply inclined. Observations on the deptli of rout systems 
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would lead mie IO conclude k \*. ,it (Host, un the steeper slopes that the 
matting of roots retards mags-mu Yemeni. I >n the other hnnd, where there 
arc ftettish slopes, si is out of the question 10 speak of retardation by that 
means; for root density increases in that very direction, from underneath 
upwards, in which the siar.e of soil grain is diminishing. The mobility uf 
the material is therefore increasing, and the chance that it will be hind¬ 
ered in its migration disappears. 

Not mly ire these conditions applicable to our part of die world, bull 
they have their parallel in die wei tropics where intensity of chemical 
decomposition, together with the power of grow th possessed by vegeta* 
liort, is so greai that even steep dopr*. winch could give rise to nothing 
but hare rin k faces in the temperate zone, have a thick layer of colloidal 
end-products for their uppermost horizon of so0> and arc forest clad. As 
K. Sapper bis pointed nut for tropical Centra] America, the root system 
is shallow', about Three-quarters of a metre to a metre in depth; and 
heiow this* the products of weathering can move along unhindered*** 
Observations by W, Behrmann in New Guinea show to what extent this 
goes on; lie frequently found that the rather thin root mat was no longer 
connected with the trail, hot lying in a cavity. Here there had been 
migration of the material underneath the caver of vegetation 1 Dn , 

It h eel some other direction that we muui seek the effect of .1 con¬ 
tinuous cover of forest upon ma^-mi gratis in. Niter i r it that of ducking 
demnlufitw nr of prr* rating it entirely. This is strikingly pitted by tht fact 
that in forested as tudt as in trades* regions there is to be found a correlation 
between the steepness of dec fixities and the arrangement of bath the thickness 
and the type of the mi! an-er. Furthermore^ in both there arc soil profiles 
where the normal reduced profile of the lower layers is covered over by 
material of another facies whi eh has come from higher np + Such profiles 
as these ishnw that there ftas been specially lively downward movement 
of the ruck derivatives; and this b brought about under a forest cover, and 
continued, even tu die present day, by the sume cunditinns as produce it 
111 imforesled districts 1 ^ 1 . 

a- MOTIVE FORGES CONCERNED IN 
MASS^MOVEMENT 

During the eruption of Vesuvius in 1900* dry 1 va lunches nf ashes went 
down from the margin of the crater over the flanks of the cone 1 **. Their 
restricted arttu as well as the shore duration and rapidity of die whole 
course of events, render them particularly suitable for studying the 
origin, progress, and effects uf mass-movernotil, The moierLil consisted 
of a loose mixture of volcanic ejecta, hpilli, sand and very fine dual, $0 
that it had exceptional mobility Thin, md the lessening of friction due 
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fo the considerable amount of heal which these substances posstased, 
found expression in the liveliness of the downward movement. The 
material did not, however, set off on its down ward Juumev immediately 
it had been deposited on the mountain side, although there was A slope, 
movement did not begin until the deposit of turf kid acquired a certain 
thickness. Once in motion, the tnurerijl did not come to rest till it had 
readied the foot of the eutic. where there is a very rapid decrease in 
gradient- Thin course of events shows very clearly that the force of 
gravity ifl the prime cause of the movement, and keeps it going so long as 
the gravity component, which diminishes as the slope becomes less, is 
sufficient to overcome the resistance of friction. It was, however, in¬ 
adequate to release the movement. U. to overcome the resistances w hich 
occur at the beginning of motion, m particular, the friction which is 
specially great at that stage. When there is material rcud\ prepared for 
removal by denudation, all lh„re fortes which rebate the dmakiti motion, or 
asttst in doing to. are here collectively called the motive farces of mass- 
movement. 


IXCBEASK OF WejCUT 

1 Ills was the motive force for ihe cinder avalanches of Vesuvius. It ba 
question of equilibrium: a body resting on an inclined substratum, after 
its cohesion has been destroyed, can be set in motion only if the pull 
exerted upon it is greater than the friction, this latter depending upon 
the load, and upon ihc nonine of the angle uf inclination, ITm* the reb- 
tmnship lift given by the equation: 

mg gin « ^ p mg cos a 

where m represents the mass, g sin u the component of gravity acting 
pa Rifle I to the angle of inclination a. p the coefficient of friction, and 
cos It the pressure exerted on the inclined substratum. From this it 
follows that for each weight there is a definite minimum gradient on 
wh,ch it just cannot move along; and the smaller the weight which rests 
on it. the greater b this minimum angle of inclination. Or , t mav be 
expressed tint*; other things being equal, greater weights are stable only 
on nearly level -dopes, whilst the smaller ones reach a position of rest 
even When the substratum is steeply inclined. If* **,. nhich : s ■ 
titiahfe to Mart moving on jil inclined flubstralum, lias its weight m- 
^ea^d Ul,dcr "* drcumitantx4 ' lbc downward movement is 

These relations are important for the downward course of mass-move- 

rnlTeri [° r - CVCry . part 01 thc * J °P C '* > Mi < Wily loaded with the reduced 
matenal 0ng.m1.ng on it, the weight of which increases us the attach of 
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Uie reducing process progress deeper and deeper, hunt is rtf the same 
lime 3 passage way for the nock derivatives coming from higher up. Thus 
everywhere on a denudational stupe there is an allochthonous as well as 
w\ autochthonous increase in weight; and this must h in all circumstances. 
Scad to spontaneous transport of the material* 

Where there is no difference in exposure or in the character of the 
rock, the profile of reduction grows in thickness uniformly at alt parts uf 
a slope, so that the autochthonous increase in weight is. everywhere 1 he 
same. The distribution of weight, however, change* as *<hui js, any 
appreciable amount of material (caves its place of origin bringing an 
allochthonous increase of weight to parts lower down the slope. This 
increase h zero at the upper edge ot the slope, and h greater at the 
foot, the whole slope Indrig a source of supply for this. Hence the posi¬ 
tion becomes a* follows: The nums-movement set going must continue 
an long as mobility permit*. Where accumulation is taking place, ihc 
movement cannot he restricted to the highest horizons of the soil, but 
must affect the whole of the material, provided its substratum ia steeper 
limn what corresponds tn the angle of friction. This angle of friction, at 
which movement of the material rearing directly upon solid rock comes 
to an end, h leas than it would he if there were no masa-movemetit, no 
denudation, arid so no consrtjUtm accufttubtiiHi uf rock derivatives un 
the lower-lying parts of the land. It is thus dear that when reduced 
material spreads out over very gentle surface slope:, there b a curre- 
mpondingly small gradient of the substratum. 

This is illiistniied. to take one example, by the Complete covering over 
(cicatrisation) of the disused l*ed*. of watercourses. Et ia specially well seen 
In many of the rLiitidi trough-like valleya formerly produced by erosion* 
which are found, e.g. on the scarpland penepkmes, hut also in mo$t of the 
dry valleys that encircle cut-off meander spurs. The disappearance of 
every trace of brook or river bed, a& welt -is the whole peculiar trans¬ 
formation of such valley-floors, is in both caacs brought about bv the 
migration of slope waste. Often this is not particularly fine-grained, but 
it is general!v of course rich in colloid*, and tl moves along the verv 
gentle foot-slopes on both sjdcs towards tin- valley trough,, where nil the 
material ends up together, 

As we leant from experience of the slumping type uf landslide, con¬ 
siderable importance attaches to increase of weight from the presence of 
water. This is abstir 1 >ed by rocks with a high capacity for holding it: 
deposits of loose material, scree, etc,, have this* but the outs landing 
examples ora rucks rich in colloids, such as chemically reduced material 
and sedimentary rucks containing day. Those latter became heavier as 
water b absorhed, and they begin to move, in so far as the nature of the 
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sbpc permits, At first the sliding mass mas as a single rigid system which 
has increased its weight as a whole by taking up water; and it slides along 
as a whole over a tin (form substratum. But mice the movement lia* been 
set going, this unity is lost. The material no longer slips, its components 
roll over otic another, and the mass begins to flow. In witness of the fact 
that the migrating body of rock began as a single mut, there remains at its 
place of origin the landslip sc*r + a niche bounded by the surface* of 
minimum cohesion originally existing in the rock. The mass which 
slipped down, however, has di ft integrated, 1 he tiny pieces of rock .arc no 
longer in firm contact with one another, they no more move dong 4 uni¬ 
form snl?stmitim, but each one moves by itself. The result is of necessity 
the stream dike appearance, nr the pulpy mas*, so often noticed 103 . 

Normally, when reduced substances migrate, there is no such se¬ 
quence of these two forms of motion, slipping and flowing. But the 
following seems to indicate that the Ordinary type of migration is re¬ 
placed under certain conditions by what is more like a downward-slip¬ 
ping movement. In that case, the movement reaches down to the rock- 
floor in a more homogeneous fashion; and so, in addition to the conse¬ 
quences of allochthonous increase in weight (setout on p. 85)* it provides 
in a certain way the necessary" condition for producing a mechanical 
effect upon the substratum. In artificial sections which go through rather 
thick mime* of transported material, a sharp boundary, irregular in 
detail (ace p. 68) u to be found between substratum and overlying anil, 
in place of the ill-defined transitional a one found in other Cases. This is 
ihc rule for Lite sleeper slopes. Such a sharp demarcation between sub¬ 
stratum and overlying material must necessarily come about as foon m 
there ri any considerable movement of solid bodies over the former, thia 
making a slip plane of the upper surface of the rock. 

In most continental areas, with Their seasonal alternation of thorough 
wetting and drying out, the behaviour of the colloids is yerv likely to 
play a part. When they dry up, they weld together the substances mixed 
with them into j uniform solid body of rock. This, tike cedinientary rock 
over a layer of wet clay, can then move only by sliding over the layer 
beneath, which retains if* moisture for ,t very long time. Thia goes on 
uniil ihe soil has Completely dried our. 

fw reuse in bright by thr absorption if renter is ttru&ubud}\' a motive 
fotr f, and its influence on ma^s-mmcinent and the effect o\ that cannot 
easily he overestimated. Except in completely arid regions, it takes place 
rtgulmly on the whole of the land area fmm the equator tu the edge of 
the continental ice-cap. It increases with the waiter-holding capacity of 
1 he material, end is therefore greater in material w hich is rich in colloids 
or is fine grained, than m coarse grained clastic fade* with their far 
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smaller interior surface, ft increases with the quantity iff accumulated 
weathered material, Lc, with thickness, This latter relationship is of 
special significance: since reduced material accumulates just where there 
is also a greater amount of met cone water collecting: in cavities and 
furrows. 


FujctoatiOns in Volume 

For overcoming resistance to the migration of l ock waste, rimtnations 
in the volume of the material take second place. If a body resting on an 
inclined substratum expands, the movement occurs mainly downwards; 
if it contracts again* ihc shrinkage occurs mainly dow jiwani- The result 
is, on the whole, .1 displacement in the direction of the fall of the ground* 
The cltange in position produced by a single fluctuation differs in 
amount according to what has caused i. 1 . but it h always very small. 
ITterc 13 perceptible change only when the fluctuation-- in volume are 
repealed sufficiently often. The term fine in&zxmmi is therefore used- 

These movements obv iously play a very s^rem part at the earth's sur- 
face, since (here is every where an endless repetition of change in volume 
of the material lying upon its slopes. Such change? enable the material 
tij move uWli;. even on those dupes where the gravity component isif> 
sufficient to overcome the frictional resistance. They further, even if they 
do not actually bring about, that spreading outwards - <f rock derivatives 
to form surface slopes with an inclination of Jess than 5", which may he 
observed at appropriate spots in tfvery climatk region. 

One factor responsible for fluctuations in volume b variation in lem- 
pcralttre™* nf the- land surface: soil temperature. These variations are 
repeated day in, day out; everywhere, however, their range decreases 
very rapidly with depth, 'The upper horizons of die soil are therefore in 
a favoured position; here the micro-movements are greater, and this 
causes the upper particles of the soil, in even' case, to move gradually 
away over those lying below* Fine movement of this kind naturally 
achieves its greatest results in those regions where differences of tern- 
permute are greatest and occur most frequently, Le. in the arid and smi- 
arid provinces. Their effect will be least in moist region*, and here again 
levs in the tropica than in (he temperate ssoncs- 

Fine movement* caused by the welling and shrinkage of colloids, 25 
these are wetted and dried, naturally have their home in those parts of 
the world where the weathered material contains colloids. Swelling in¬ 
creases the dry' volume by more than a third! 1 * Thus the impulse to 
mme T experienced in this way by the reduced material, is very con¬ 
siderable in humid and semi-humid regions. The extent to which ti 
moves away along an inclined substratum merely through this kind of 
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fine movement grows with the colloidat content, and so it generally in¬ 
creases in the soil profile from below upwards. It further increases with 
the frequency of wetting ami drying, Thb alternation occurs in all parts 
of flic climatic regions under consideration: but it differs from place to 
place, not only in frequency but also in thoroughness. The position is 
least favourable in the rainy tropics, most favourable in temperate 
regions where the succession of wet and dry conditions during the course 
of the year takes place more fntqticnily than elsewhere. To make up for 
that, however, the drying out is not so thoroughgoing here as in the 
semi-humid province* with their pronounced pehinl of drought. Thin 
soils, and the overlying parts of thick masses, are the fust to dry out 
completely; 11 is otherwise with the deeper zones of the soil, where the 
water is lost only after a longer period of drought, in these, therefore, 
the extent of the micro-movements is less ilmn in the former Cases. 
Again we find that the overlying parts of the material are more favoured 
than those beneath. 

In the polar regions, in their marginal zones, and on high mountains, 
where the temperature fluctuates round about o c C. during a portion of 
the year, water takes over the part played elsewhere by colloids., pushing 
soil particles dnwn&hpe as it freeze* + whilst with this wing there cumes 
about a further movement, again dow nhill. In addition, the evpsnsinn of 
water as it freezes, like the expansion of colloidal substances, effects a 
swelling of the surface layer of the soil, in this way, soil particles are 
lifted up ctr right angles to the inclined upper surface; as melting occurs, 
they sink vertically and this, too, shifts them down the slope l#fc . As this 
last-mentioned process is restricted to parts near the exposed surface, it 
also leads to more favourable conditions in the Upper than in the lower 
soil horizons fur tite line movement caused by frost. 

Summing up Jl can be stated that there are present in every climatic 
zone of the earth the conditions necessary for fine movements; and 
that, so far as is known at present, it ii only in the wet tropics Lhai these 
are not tif amott favourable nature. But there, conditions are excellent 
for mass-movement on an extremely small gradient, because of the con¬ 
stant and thorough soaking and because of the far-reaching transforma¬ 
tion of the rocks into colloidal end-products 11 ^ ft is nnr, therefore, 
surprising to tind that in every region where denudation of the land is 
taking place, even where running water is not active, reduced material is, 
at suitable spots, spread out along exceedingly gentle slopes and this 
implies spontaneous downward movement along descent* that are very 
slightly inclined. 


mot r vf roices; their periodicity Sg 
Periods of Movement 

'Hie motive force* of mass-movement, like the movement itself and 
like rock reduction, by no mean* go on without a hreok; but during the 
course of the year periods of movement are to be distinguished from 
periods of rest. This is true for every dimatie region. The reason lies in 
the seasonat march of the dements of climate, on which the processes 
of weathering depend. These affect especially the development of 
mobility in the material and die setting in of conditions which, as the 
ease may be, release or assist movement. Frost-weathering is practically 
snipped an long as the mil temperature docs noi rise above o C. during 
the day. In polar regions it is » summer phenomenon, as the temperate 
stone is approached it becomes one of autumn and spring, and finally it is 
restricted to the winter month*. Naturally it is only at periods of thaw 
that soaking wet frost-soils move along In regions where colloidal 
weathered material is produced, [the necessary] chemical weathering is 
hound up with the wet seasons. They are ai once the periods of mobility, 
and of increase in weight through the absorption rtf water; and therefore 
thev are periods of mass-movement. In times uf drought nil these pro¬ 
cesses are suspended. In the semi-humid areas with a pronounced 
seasonal drought during which the cover of vegetation is dying off. rock 
reduction by insolation can come into play at this time. Hut the rock 
waste is immobile because of the intermixture with colloids which co¬ 
here when thev are dry. A study ol mass-movement in t fot example, 
Centra! Europe, must therefore be made tit early spring (snow melt- 
spring rains) or in autumn, but not in summer, in the Mediterranean 
region it must be in winter, in the semi-humid tropics in summer. At 
other seasons there is no sign of movement in the respective areas, only 
rest. The transition periods from dry to moist are not only periods of 
fine movement and changing mobility, hoi also of fluctuating weight 
through the taking up and giving off of water. They occur twice in the 
semi-humid parts of the world, at the beginning and at the end of the 
dry season; in temperate regions they arc more frequent and more ir¬ 
regularly distributed throughout the year; and in the wet tropics there is 
scarcely a trace of them. 

Just as the wet tropics are characterised by having no season when ruck 
reduction, mobility, and transport of rock derivatives are less than at other 
times, so in deserts there is no noticeable interruption of insolation and 
the removal of insolation rubble***. On the other hand, in «mi-srid 
regions, into which seasonally rainy periods may penetrate, in winter 
from the poleward, in summer from the equatorial side, greater differ¬ 
ences again appear, times when l lie rock waste is thoroughly wet are those 
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of lively dirtvmvatfii movement, e,g. in ihc Tien Shan, in eastern and 
southern Tibet, in the Karakoram, imd in the eastern pun nf the J’unade 
Atacama, as traveller* haw fmind to tit dr discomfort ('flowing rock’). Jn 
die transit ion a I ptrimi when drought is approaching, the materia! loses 
its high mobility, reduction by insolation becomes again predominant, 
and, when it has completely dried out, the mass, once more in a dry 
condition, moves slowly downwards as in the desert (‘moving rock 
waste'}. 

Thus, over very wide areas, the spun tancons migration of reduced 
material, in short, sheet denudation, temporarily ceases. It is 1101 a con¬ 
tinuous process, but regionally it is a periodic one. The alternation of 
times of movement and of rest correspond exactly with the times of high 
and low water in the rivers; and for these, too, it is only al high water 
that work is dune and morphological effects produced. In establishing 
the periodic dimeter of denudation, no assertion is being made 39 to it* 
intensity, Audit is certainly mn permissible to deduce different amounts 
of denudation in unit time from the difference# in the lime at which it 
com men re?, in the individual climatic regions, 

.Now this is also leading towards an answer to the question of what 
length of time should be taken as the smallest unit for the present in* 
vestigation and for morphological and geological processes in general, 
In theoretical physics we understand by timc-differenlinl a space uf time 
—thought of as infinitely small—during which 4 force produces .in 
uifuittirly small effect. For prolonged, alow- acting proteges, like rock 
reduction, by which we can measure the very slow processes uf deniuh- 
tiniL, and indeed, a* will be shown, even crustal movements w hich are 
juM as slow and extraordinarily long drawn out, the infinitely small unit 
of time is no measure for a very small noticeable effect. Summation of 
such infinitely smufl amounts would lead to the result that no effects are 
produced, and that there exists, therefore, an unchanging state of equili¬ 
brium. Obviously this is wrung. The observed phenomena, rock reduc¬ 
tion and mass-movement, art the result of very different forces each of 
which acts for itself at a invert place with its own special intensity at any 
given moment. Corresponding to seasonal changes, (his has n yearly 
period which may on the whole be considered constant fnr successive 
years. We do not, however, observe the effect of each individual variable 
factor, but only the total effect of all the forces acting in the course of a 
year, I he yearly period is therefore the smallest unit of Lime during 
which all the conditions working towards rock reduction and the sub- 
Stipiem denudation conic into action at least once in a specific manner 
and with specific strength, llcntt the tmatint wit oj timr nith trhieh tie 
Oiw rffhott it ihrywnTt 
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3* WAVS fN WHICH MAS&MO\ i EMENT TAKES PLACE 
AT THE EARTH'S SURFACE 

Since A. Penck's first attempt -at syatcfnatic treatment. observations 
on ma^mnvemern have multiplied to An extraordinary extent in all 
parts of she world" bU . Identical nr similar phenomena of migration have 
been found in the mo*! varied dimutit regions; slow* imperceptible 
movements and more rapid ones, make their appearance at all spots 
where there are adequate predisposing conditions. Thus, in classifying 
observations about mjss-moveiiicnt as should he dune when presenting 
them, die geographical standpoint is not the one to consider, G. Braun 
chose she rate of migration of the material as starring poini for hk 
attempt 1 ™, making the u$$umptinn that tbil depended on the gradient. 
He arranged the movements in order of decreasing gradient* as y scrim 
with decreasing velocities, and believed that be had found in thb a paral¬ 
lel to the erosion cycle. However, it h but a *mall section of the pheno¬ 
mena which tan be dealt with in this way. Moreover, the vdocitv de¬ 
pend:-. not only upon the gradient, hilt also upon the weight of the 
moving material. 

There are differences in the mechanism of the movement accord in £ to 
whether the loosened rock particles migrate singly ur in association as 
men]hers of a system growing by aceunrnktiun—an 'accumulative: sys- 
tern". In the former case there b free fall, or a fluidification of u; in she 
latter, the movement is a kind of flow, h is further of iiYijHirtanc* 
whether the mass-movement lake* place at a freely exposed surface or 
beneath j cover of vcgdaUnu. On steep atope** thi& latter prevents ihcr 
loosened particles from moving quickly down the valley. This is the 
reason why cum illative migmiun tvccura on considerably steeper slopes 
in humid regions—especially in the tropics 91 —than in region* id the arid 
or semi-arid type where vegetation is absent or scanty. Any interruption 
tn the vegetation cover automatically changes the slow sub-culancoua 
migration into a quicker down-flowing ur into slipping at that pbcc. 
Accordingly a distinction can be made between ft tt wtfflS-mQt?#tru a nl tmd 
masr-rrtiK tmeni bound dtmn by vtgetui ion. Free mass-movement mav 
occur whether substance* are rich or poor in colloid*, and even if they 
are devoid of them. In the first case they move only in the presence of 
water; in the latter, they migrate either wet or dn, 

(w) Migration as Inhivuhial Loost Fragments 

This is the form of denudation that occurs on freely exposed rock 
faccA* where the declivity is too great to afford a resting place for any 
small piece uf rock loosened from its connection. Us departure means 
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the exposure of a fresh rock surface to fbe attack of reduc&im Tins is the 
simplest case of denudation* I it regions free from vegetation. he. in the 
arid* semi-ifid. pafar and nival provinces* tare rock always forms the 
steeper slopes. According to my observations in the Atacama Desert, it 
begins (without any assistance from rainwash) as soon js the slopes have 
an inclination os' about 25 A When the gradient is above 35 , there are no 
slopes which, arc not rocky. The way in which pieces of rock leave those 
precipices is not free fslf t but a rolling tumble. In the high parts uf our 
own [European] mountains, downward movement of loose fragments is 
faim liar to the mountaineer as a ruck-foIPT It occurs most often ill the 
morning and is associated with the action of frost w edging. Like any other 
process of weathering, it finds favourable lines of weakness along planes 
connected With the structure of the meka, with their joint planes and 
with ihdr dowager planes; and so the summit forms of rocky mountains 
often show in a very marked way their dependence upon the character 
of the n>ck 4tf - Mention must also be made of the loosening of platy r scale- 
like portions. of rcK’k which, by their direct departure from h.irr rocky 
heights, leave dome-shaped mountain forms, t hey are interpreted 3% 
desquamation forms, but they are not confined to regions where the 
insolation effects jre powerful or exclusive of all others, arid in general 
they seem to be dependent upon preexisting planes of separation in the 
rock 11 ** 

In aras with a continuum* cover of vegetation, the appearance of rocky 
walls is for one thin^ atisociiited with places where vigorous downcutting 
and undercutting Ls taking place, whether by running water in valleys* 
at the outflow of springs nr by the action of breakers on the coast, fn 
addition to the spon lane* his weathering away uf individual ruck particles. 
There is here developed as a form of accelerated—so to say. forced — 
denudation, the after-full of rock complexes undercut and so rubbed of 
their support As regards the mechanism, it in ay hr classified with the 
processes treated above; yet, in respect of the material removed and the 
conditions producing the risttovaJ, there is already ^ transition t-> land- 
slide* (rock-fails). Where springs issue, the phenomenon may under 
certain circumstances assume extnuirdinary dimensions, more parti¬ 
cularly in areas of horizontally bedded sediment!*, differing in perme¬ 
ability, This will lie discussed later. 

The tendency' to produce mck walls differs greatly fur the individual 
types of rock, and not only depends upon the cohesion but is also decided 
by the arrangement of joints and bedding Steepfy inclined cleavage 
planes anti jnim planes favour the formation of ruck walls, other things 
beiflus equal. That is why the outcrops of distinctive rock complexes* 
more miifttiftnL to denudation than their Sumumdings. readily assume on 
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steeply sloping declivities the form of rock walls or stand out as rock 
masonry, even if there is no undercutting of any kind. Here it is onlv 
spontaneous weathering away that lakes place, i.e. migration of the indi¬ 
vidual little pieces loosened by weathering, exactly as in the case of those 
exposures of rock which under certain conditions are found on the 
summits of interfluves, or else which represent the remains of them, like 
e g- the granite tore of the Harz or Fichtdgebirge. Finally we must 
remember the nock faces that were formed under conditions differing 
from the present ones: come walls and the walls of glacial troughs that 
endused Pleistocene neve and ice. These, especially in landscapes where 
the average gradient of the slopes is otherwise moderate—Black Forest, 
ftiessngsbwge, Uithynian Olympus. Bighorn Mountains of the United 
Stares, etc. — are conspicuous from a distance on account of their exces¬ 
sive steepness. 

The individual tiny pieces that liave crumbled off collect at the font of 
rock walls to form settes, wherever space and other conditions permit. 
The upper ■unjust of the talus has a concave profile, since the falling 
fragments of rock arrive below possessed of a delinite impetus w hich in¬ 
creases with their mass. Thus the large pieces, as a result of their greater 
inertia, arrive at or near the lower edge of the talus, and build up its 
f raiI; the trajectory of the smaller pieces has already come to an efui at or 
near its summit 1 **. The under surf are oj the lulus is always a slope with 
a gradient less than that of the rock face above. This is the basal slope.* 
It is not always covered with fragmentary' material, which is usually 
absent if another rock wall follows below the basal slope. Excellent 
examples of such basal slopes without any talus are the xtcpftcd rock 
faces of the Danube valley where it breaks through the Alb. between 
Tuttlmgen and Sigmaringcn. It is worth stressing the facl that the step 
effect of the walls, has not the slightest connection with the stra till cation. 

Where the basal slope meets the rock wall, forming a concave angle, is 
the top of the basal slope.} The accumulation of talus dots not simply 
bury the rock wall and thereby remove it from further decay: but, to¬ 
gether with thr inclined basal slope, it grows upward at the expense of 
the wall. This latter, therefore, has no continuation buried beneath the 
talus, as might previously have been imagined, but it is liere replaced by 
a less steep inclination, as can be seen especially easily in, for example, 
the Alps near the summit of almost every talus of rock waste 1 [V , In its 
upper third the inclination of the basal slope is greater than that of the 
surface of its covering nf nibble; in the lower third of a fully developed 
talus, however, jt is smaller. Both the upper and the under surface of 
such scree slopes are concave. Tlwr thickness of any complete scree slope, 

* flaldenhane. f IJaldmiJuiuL 
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as measured at right angles to the surface, in greatest ahoul the middle 
(nearer the lower third). 

The fact thal the under jtirhic of the talus is inclined, makes it im¬ 
possible for the components to remain immobile in their places. Rather, 
the whole mass of talus slowly migrates, and in this wav it continues the 
transport of the small pieces’which were moving individually from the 
steep walls above—unless there is a local cementing by de|waits thrown 
out of solution, as can occasionally be observed in limestone regions. 
The migration is, to begin with, slower titan the arrival of material from 
above; the talus grows. Thus its total weight increases and, further, the 
components of the rubble on it are constantly getting smaller, chiefly by 
insulation in arid regions, by front shattering in polar regions, by chem¬ 
ical weathering in The humid provinces, nr in the transitional none* by 
the processes of rock reduction which are effective there. U the mass 
becomes heavier, it also becomes more; mohile. There must, therefore, 
irise a stationary condition between supply from abort and migration of 
rubble within the talus, so that in unit time it gives off dotsn wards-to a 
choked watercourse or to oilier streams uf waste material imo which it 
leads—a* much as is added to it. The mass of talus then ceases to grow. 
Its downwards movement is now and then dearly visible from the way 
in which it flattens out. This, apart From the increase in weight which is 
couallv effective in all climatic region#, is assisted by the motive forces 
that are specially' important in each particular land area, such as satura¬ 
tion (diminution of friction), tine movement from the freezing of water, 
or fluctuations in volume due to a regular daily heating up. The type of 
movement is free mass-movement which, eg- in the Alps with its heavy 
hookings, may frequently assume the form of violent rushes of very wet 
tntwl* 

Kxmunition uf ihc piece-- of rubble in the talus proves that this does 
not consist only of material Trom the steep walls above, though this is 
dominant, but that amongst it there are also fragments from the basal 
slope. They show that the cover of nibble does not prevent denudation 
from taking place underneath it, and demonstrate that the basal slope is 
not only a transit region for rock waste derived from tile freely exposed 
rock face, subjected to vigorous denudation, hut is also itself a region of 
supply. 

There is another set of phenomena essentially similar to migration by 
individual |ut*e f ragmen Is; but. because of the far greater dimensions 
involved, they have special characteristic consequences, These are rock- 
fa]! 1 - and related processes. 
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/- artds tides {Ruck-fail) 

Though individual phenomena* in some regions (hey so frequently 
occur in groups that A. Heim actually called them a normal part of 
valley formation and weathering (fay which he meant denudation) 11 *, A, 
Penck and M t Bruckner have shown that for the Alps rhis is the ease, 
especially in the mountain ranges which were once glaciated and where 
the vanishing masses of Pleistocene tee left behind them beds with over- 
siecpcned flanks 111 ,. Material breaks loose from these, giving rise to rock- 
falls. They can generally be considered as compensatory mm aments, 
1 he object of which is to get rid of the excessive steepness ;itid to produce 
that normal slope at which j given rock isju&i stable. flic stability is 
determined on the one hand by the rock's power of cohesion, on the 
other by the bedding which decides the arrangement of the pintles uf 
least cohesion that may be present in the rock (cleavage planes, bed¬ 
ding planes* etc.). If these arc inclined in the same direction as the sur¬ 
face gradient, undercutting creates what is needed for rock movement 10 
take place, and this movement stam when cohesion is lessened and 
destroyed, and when the plane which acts a&alip surface exceeds a mini¬ 
mum inclination 11 *. The relations arc dearest in an area of lilted sedi¬ 
ments where the bedding planes ptav the part of slip surfaces. Under¬ 
cutting here makes landslide features a regular phenomenon; and whole 
valley*, which like the Kandcml run parallel to the strike of the strata, 
owe their appearance to it 11 *. In most cases the lessening of cohesion i& 
brought about by water which Collects tin impermeable ImercaLutiops of 
day and transforms them into a highly mobile lubricant. If the inciina- 
t inn of the str*ta is sufficiently great, the overlying beds slide down (rock- 
slide); in other coses, if the- layer of day insullidendy tilted but 
softened to a pulpy mass (A. Hc-inrs 'squeezed mud 1 Hows), the bad of 
rock may squeeze this out. Also quite thin clay partings a bug bedding 
planes, ns well as ntnng cracks penetrating the rocks, are, when saturated 
with water, enough to break up the cohesion. T he great impnrtincr of 
wafer in releasing falls of rock —no small port b played by the increase of 
weight which samratiuii with water brings to figured rocks—ii most 
clearly brought out by the fact that they are generally be observed in 
wet yearn and wet seasons — September and spring in the Ajps 110 . 

Aft it falls, the breaking rock complex b dbstpaied into fragments, ami 
these move no longer by sliding, but by rolling, tumbling over and over 
one another. If the amount of rock material going down is large, the 
fragments unite into a rapidly moving stream of rock waste which even 
on Hat ground rolls farther the greater (he mass and the higher the fall. 
Like ground avalanches. U comes to □ stop suddenly, as soon as its im- 


9 5 MASS-MOVEMEN'T 

«tus is exhausted. Examples arc the stream cd rock fragment at Elm 
Lid the cascades of white limestone that flowed dowti when a rocky 
tower broke off in the Brenta group {south Tyrol): and L Uwe s photo- 
E mph5 of 'rock streams' in the San Juan Mountains of Colomifa show 
th/mream formation excellently preserved 1 ", Ebewhere, such rapid 
movement of ever accumulating dry material is to be found only in con- 
ncctimi with volcanic eruptions; thus n always denotes special occur¬ 
rences that set in when great quantities of loose fragments arc suddenly 
ready, in place, on an inclined substratum. Increased interest attaches 
to these quickly flowing streams of nibble, because ot the mechanic 
work thev perform. They scoop out the path Along w hich they “ovt imd 
deepen it considerably during their short course, i his1m b«n repeStodJy 
observed with avalanches of volcanic ash and rapid mhbl^streams of 
volcanic origin 111 : hut streams of fragments derived fawn falls ot rock 
have m offered good opportunity for observation, a* for ^ 

u j Rm and the 'debris-slide’ at fiiiton in t.brus (19 April t8«»S) when a 
furrow six to ten metres deep and ten to twenty wide im» scooped out. 
Because it is confined to s linear path of movement, tins luitd t»f mech¬ 
anical action on the substratum is comparable to the erosion of running 
water, and the meckmism is indeed the same m i bulk 

At its place of origin, the mct-falt leaves behind a mchc-Uke scar, 
bounded by planes of minimum cohesion. Mere, by the removal of 
material a new rock surface has been «*P<**d *» destruction and rock 
reduction; the scar region is an ej dfmdaiim W^rcgim of dtpo«- 
tiun is where the material comes to rest after the talk In tins way, the 
arrangement of the three, essentially different, areas typical of all mass- 
movement, and indeed of all processes of denudation and of thm inter¬ 
connections, can be excellently observed m the features associated with 

a landslide. „ f w , 

The amounts of nibble, which are brought to volleys at any one time 

bv landslides, are far imi to be removed straight away by the 

ai,earns flowing in them. If such a stream of fragments crosses i mtt, 
this is dammed up to form a lake which remains for » W«»Ot shorter 
time according to the «** strength of the dam Thus the lake of 
Carri- Linemen (Argentina), dammed up by a landslide of probably 
Pleistocene age, did not disappear rill 1914 when the dam burst, two 
cubic kilometres of water running off in a single mgtlt- Such events have 
occurred more than once in the remote pasl‘« The lake m the Gulm 
valley (Himalaya), dammed up a few decades ago. was reduced in size 
bv in analogous bursting. So far it has remained a permanent element in 
the valley landscape 111 . The Rhine has long since gnawed through the 
Pleistocene landslip deposits at Films, which are 400 metres thick 111 . 
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landslide deposits often retain their irregularly hilly surf act for a 
long time* and the name 'Toma landscape* is given to it in the AJpfi ,s \ 

(b) MomiStfT WHERE MATERIAL I? ACCllAt V LATIN G 

(a) Fm 

When material migrates within stereo and when streams of rocky 
fragments are associated with rock faJbs, this is merely the continuation* 
on gender slopes, of the removal of the material. In both cases it is free 
mass-move mem* which can take place even in a dry stale, without the 
help of water. It then belong* to 4 iypc ^«r mass-move mem which is 
very widely spread in areas where vegetal ion is scanty* particularly in 
arid regions, but also in scmi-aritl ones. In such areas it is the dominant 
form of denudntion found on slopes with an inclination of less ihnn 
25% except when the wash from nils of ram water effects a quicker and 
more complete removal of the reduced material and prevents it from 
piling up to form masses of ever accumulating rubble. 

Thorough investigation into the development of dry insolation nibble 
and its slow downward movement was made in the arid Atacama Desert 
and its semi-arid marginal zones. The fact of movement is evident from, 
among other things, the often perfect rounding of the rock fragments 
due to mutual attrition far from their place of origin, end from uniform 
mixing’up right lu the very bottom of die materia!; rubble—grit —sand 
—dust near its source of supply h grit -sand dust at a greater distance 
from it. This h the ca.se although reduction by insolation acts only on 
the surface of the nibble, and thus only the upper horizons undergo 
further comminution of their components. The uniform pentTnuiou of 
this comminution right down to the borrom of what are often great 
thicknesses of debris* presupposes a mixing through and through. t,e, 
movement; and this is directed downs lope* as may be seen from block? 
travelling along and breaking into fragments on ihcir way, m well as 
from the petrographic torn position, On the slopes, tills migration take* 
place over the whole surface; in the furrows, along a line, Herr the debris 
is in the form of huge streams, which arc joined asymptotically by indi¬ 
vidual ousunding strand* of movement, and which have their upper sur¬ 
faces quite Uflflcritcfaed by any runnel. These valley dike forms with no 
river bed arc in stunp contrast to those, far rarer, depressions along 
which water flow* either t< instantly or mm and again* Streams of debris 
arc nnt developed in these. 

The gradient of ihe*c furrows with their rubble streams is always less 
thiin that of the bordering slopes. Movement in them seems very strongly 
marked, obviously because the mass ui these streams of detritus is far 

® km.a 
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greater ihail thui of tJu- rubble cover which moves down the mountain 
rtnnks. They .ire arteries for collecting debris, strands of movement con¬ 
tinuously increasing in weight. Traces of movement art still distinct; 
and, on gradients «>t less than 5 . nibble cones, also without any trace ut 
a watercourse, occur in the great hollows into which these streams of 
debris discharge their load. ‘I'hey spread out to give surfaces inclined at 
as small an angle as a to 3 This gives the minimum gradient for move¬ 
ment of the highly mobile mixture of sand and grit which is the final 
result of reduction by insolation, //firry if foliates I hot accumulated debts 
must migrate, and denudation occur, xu long as the land slopes of an angle 
greater tlum z 

No increase of moisture came Hi the high interior of the southern 
Puna tic Atacama with the Pleistocene fluctuation of the climate. At 
most there was intensification in the formation of rubble, a process still 
vigorous at the present day. Arid conditions likewise prevailed during 
the whole of the Tertiary period. 1 his stale of affairs makes it highly im¬ 
probable that it was rivulets w hich produced the furrows that, filled with 
their streams of rock waste, are even now becoming sttcjrtr and more 
minified Rather, everything indicates that the rubble streams Iwve 
themselves eroded their beds and deepened them into Valleys, or at least 
that they have had a liirge share in ir. Wherever a considerable weight 
pj_s.se> over the rocky substratum, there i» stronger mechanical action 
titan in the surrounding pans. This is generally true, and explains how 
it is that mass-streaming of the type described or of a similar kind, slow 
as is its movement, not only can trenfib its substratum to form a furrow, 
but is bound to da so. 

By the time the paths of neighbouring rock fragments unite^and there 
IS ample opportunity for this oU every slope-a preference fur certain 
lines of movement has already been established, l ire weight of material 
moving alone these is therefore perpetually greater than that in neigh¬ 
bouring pans; and so, there must be an intensification of the proem* 
acting on dir rock bonom below such united paths (to be considered 
later [pp. 111 and the substratum there becomes trenched. ‘ITitr line 
of movement becomes a furrow, attracting alt the rock fragments near it 
iha t have become loosened from the rock texture. iTiis means an in¬ 
crease in 1 he weight moving along every tiny furrow, a further favourable 
condition as compared with its surrounding*, thus leading to its further 
deepening. It ri tpiitc clear du* <h** in Him causes an increase in the 
material migrating along it. and still further deepening. The Individual 
effects are not only added, hut they reinforce one another, since the ori¬ 
ginal causes arc intensified- Thus a mass-stream necessarily develops 
wherever a favoured line of movement has once arisen by the union of 
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the paths of movement of neighbouring single Jit tie hits uf rock. And 
just itfl necessarily > this leads to the formation of a valley without any 
stream bed* St will be shown later that this phenomenon i* widespread 
ill I over the world and that its causes are everywhere the same 

Jr the semi-arid marginal /ones of the \tacama Desert, showers of 
rain, which are tint so very rare, hare a double effect. In the desert itself, 
die steeper slopes still have immense covers of nibble. B m these are 
absent in the semi-arid ports, and so there is not the slow migration of a 
continuous mass of material alw ays increasing in amount . Nor art there 
any streams of dry nibble. Instead, there is rock, loosened in texture to 
a quite considerable extent and strewn with stones. The influence of 
min wash i* here unmisiakabltn The rock waste, that has been removed, 
collect* as a continuous cover uf rubble only when ii reaches slopes 
gets tier than would Ik; necessary in the neighbouring arid regions. At 
tunes of saturation this accumulated waste possess extraordinary 
mobility, and flows alttK^t like mush into the depression* of interior 
drainage where it spreads out into nearly level surfaces, often measuring 
tens of kilometres in width. Here, too* one must search long for the rare 
traces of running water. Where torrent beds from the mountainous 
margin debouch on to such rubble plains, they quite often become hist; 
and this proves that the spreading out of the rock waste, which .is gener¬ 
ally perfectly dry, is brought about by its own movement and not 
through the transporting agency of running w ater. 

Analogous phenomena have often been described ■**; they are peculiar 
to the uini-arid regions and are most pronounced in those parts I bar have 
gentle Average slopes. They also occur on steeper stapes if, for any 
reason, considerable quantities nf loose material have accumulated on 
them. Then they frequently move away in the form of those striking 
broadly corrugated rock streams which have been observ ed in the Tien 
Shan and else where, and arc familiar as a consequence of landslides, 
and more particularly of slumping*** + Hut, on tile u tiier hand, for desert 
areas, little attention has yet been paid to the mass-movement described 
—of dry material —although such processes are nf the greatest impor¬ 
tance as regards denudation in arid regions. Still, they have been by no 
means entirely m’ertixAccL Mention may be made here of the tremen¬ 
dous development of rock waste found in the driest parts of Persia ex¬ 
tending as far as the Pamirs, as well as in Tibet and Turkestan, about 
which numE>ers of scattered reports are available* The typical way in 
which dry material everywhere accumulates on the lower pans of the 
slopes, the size of gram decreasing from above downwards, has been 
frequently mentioned and shown in niti*fraiioti* ul1 . Both these fact* im¬ 
ply that a migration by mass-movement rakes place also in these vast 
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arc^s where nai ue atioii h\ water practicaih -Hjv^r occurs, It 15 just eIu. 
stimc for the extensive gravelly deserts, thcacrir of the Sahara. of South 
Afnea, of south-east Iran, etc-, the surface of which is covered by 
rounded fragments of rock, it, Gradmann says truly of them that they 
could hardly have been formed in a ‘pluvial period' since they are nev er 
found where there is .1 rainy climate 1 ”. They vividly call to mind the 
wide-stretched gravel Hats of the Atacama Desert; and this appearance 
of coarse deposits is reproduced wherever differential wind action luis 
removed its fine components from the surface of transported insolation 
detritus. On many serir plains die spreading out of the rock waste may 
be due to movement of the reduced matenat it self. This seems probable 
from the undulating form uf the country which Sven Hcdin found in 
Baluchistan and CJ. l.cblmg on the plateau uf the Libyan Desert. The 
flafiish swale? arc not etui rely without fragments of waste; and in The 
valleys, winch ate just as Hat, there arc no traces of water ever liaving 
flowed t lie re or of its flowing occasionally nowadays’ 51 . In some places 
residuals of the parent rock siliceous limestone and Miocene beds rich 
in pebbles) still push Up through the Libyan scrir. If as Cl. l.cbling 
imagines, this had hecn produced bv deflation and demolition by the 
wind, the rubbly material of the serir below the surface rock pavement 
could not—as has been found to be the case—consist of a mixture w ith 
sand in it, for the tine components would have been already earned away 
by the wind's work of reduction. Considered from the point of view of 
the character of the grains, the composition of the Libyan detritus is 
certainly that of insolation rubble; and in Libya, too, a distinction must 
be made between reduction by insolation, the spreading out of the 
mobile rubble on very gentle dupes, and the armoured coating due to 
wind action which removes the fine particles from the surface, leaving 
behind the course material, In Libya. :is in the Atacama Desert, the 
reservoir of sand is appitrei tty inexhaustible—witness tilt dunes piled 
lip in the great oasis depressions in the south, For. 10 begin with, fine 
particles are constantly crested afresh at the surface, by the Coromirar- 
don of rock fragments; and then, on account of the movement of the rock 
waste, ilicv are always being worked upward again from the more deep- 
sea led ports to i he surface. 

Finally, j. Wdtber, in reporting his observations on the deserts of 
Fgypi and Ethiopia, shows quite dearly that what he had in mind was 
insolation rubble that had bwn transported’ 11 . This short selection of 
observations has already shown that the slow downhill mine men t of 
insolation waste is a world-wide, general phenomenon taking place in all 
the dry teg ions- of the earth. 
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free mass-movement; slumping 

Slumping Tvpr **f lunuhSie 

in moirter climates, apart from movement ivitMn sense* which I* not 
restricted to any climatic type, free movement is found primarily 
in $1 limping and related phenomena 1 a * In this ease, the movement is o 
materials containing some colloidal matter or rich in it, almost flowing 
when in a saturated condition. As with rock-slides, die beginning ot A* 
movement is a slip from which in typical slumping, there develops 
a niche-like scar surrounded by planes of minimum cohesion, atrsuiged 
m the form of ait arc. But the material very easily disintegrates into its 
component parts; and then, it presents the picture u! a pulpy mush, 
more or less viscous according to ilir degree of saturation, which moves 
slower or faster [as (lie ease may bej, and may assume the form of a muJ- 

fl OH -_for example, the 'mud rushes' of -Somti Africa, the “lame of 

haly. ett There must first be undercutting. In the majority of cases, the 
movement is released bv an increase in weight due to saturation mth 
water {but it may also he by earthquakes “’I This saturation reaches a 
high degree in rocks that are rich in colloids, in those that are shattered, 
foil of fissures or rooms, and in those loosely bedded. Where such rocks 
compose comparatively large areas of the land surface, slumping is quite 
a common event at times of saturation; and the grouping of stab slips 
together with their frequent recurrence, may give u char^icriatae appear¬ 
ance to the whole landscape. The stones of flysch in the Alps* C 
|iathi&ns T Diniuic Alps and Apcnftiflcs + the niolaflse of the Alpine 1 orc- 
Ijjid. the £ones uf thick Pleist(H2cne deposits in the Alps and elsewhere, 
the landscapes of the Keupor, Lower and Middle juranic beds ond many 
other regions of a simihw nature 3rc tracts of land especially suited to 
slumping 1 JJ Here the slumping is everywhere connected with the 
natural, undercut outcrops of the roebi concerned; landslip *eurs are 
found on the slope* and deficits in the valley* where running water 
gradually carries them away. 

A continuous cover of vegetation hinders the occurrence -slumping, 
according! y\ develops mnst freely in semi-humid regions where* 
over wide areas* the plant cover as enfeebled and the rainy mjuhiii bring* 
about a very thorough soaking 114 . However* a continuous plant Cover is 
no instipcrable obstacle. [Hut] Et affords only a confined apace lor material 
migrating beneath it; and so it becomes arched up and stretched at flic 
places towards which great quantities of reduced matrrial are moving 
and being dammed back [as occurs regularly towards the bottom of 
a slope). If such material arrives more quickly than the vegetation is 
growing! or if absorption of water increases the weight of the dummed-up 
material to any %ery considerable c\tciii P the cover tears; anil the accum* 
u luted material ilieii llow> out From the wound, 1 his type ol dumping 
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frequently uevura in moist temperate regions: but its chief development 
h in tlic tropic wherever the forest cover, besides being continuous is 
n]so on very sleep tdape*i Here, beneath the: plant cover, the slow migra- 
lion is carried on by sliding down, ur better! flowing cut— 4inec it is a 
matter of material which h usually already reduced, and in every' case 
wet and actually Awing. The-cover tears spontaneously under the pres¬ 
sure of the rodt derivatives arriving from higher up. The slump leaves 
behind it an open wound in the forest^ but this very soon heals over 
again. W. Behrmann described how these niches, rearing away in close 
proximity one after another, and always quickly healing again. lick up 
the steep forested slopes in New Guinea, and sharpen the crests as soon 
as they have cut away up to these from neighbouring valleys. K. tapper 
reports similar happenings in Central America: and It cannot be doubted 
dial, on the steep stojics of tropical mountains, slumping—as has often 
been stressed— b the main factor of denudation since if acts with extra* 
ordinary intensity (rapidity)***, Where slopes are less steeply inditicd, 
slumping becomes less and less important, and the migration of material 
takes the form nf a slow creep, tills also occurring beneath the cover of 
tropical vegetation, si phenomenon which must be di&cussed later 117 

Iff* 108 ff-1- 

Wherever slumping occurs regularly, one can always notice specially 
active recession of the valley -heads towards the water partings, as well as 
tlie above mentioned sharpening of the crests by upward ‘licking' and 
by the intersection of niches G. Firaun has followed the phenomena in 
some detail in th^ northern Apennines, tin account of continued sliding 
away, not only d« (he sharp ridges become lower, but the whole relief 
condition* of the country 1 are lessened, provided that riviere are not 
simultijLUeaufify cutting down by the same amount as the tnttmilley 
divides are being lowered. On gentler slopes, slumping Ls nu longer pos¬ 
sible in the same way; in particular, the movement cannot go on so 
rapidly. It dues not, however, entirely tease. On the contrary, when 
thoroughly wet, material begin* moving even on quite gentle slopes. 
Thus in the shallow' valleys of the Thracian penephne round about 
Constantinople. the growing accumulation of reduced material —which 
during the dry season forms a hard immobile mass, more or less full uf 
stones—can in winter be seen I Sou in? down out of tile vallevs, "flic sod, 
with its sparse covering of grass, tears: and pieces of ii lake part in build¬ 
ing up the corrugations, caused by the movement, which run at right 
angles to the steeply inclined valley bottom; or they simply final on the 
material which, in the less siUeply doping minor valleys, moves at a cor- 
respondiugly slower pact 1 '* Mutual attrition is unmistakable, rounding 
off die comers uf the rock fragment* home along, Because of this and 
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idfiu because «f the absence of any divisional planes, the migrating 

material is often rernlnisecnl ^ Insider day; and tills even led i Engltflb 

to believe in the influence of PIdaW*ne ice (and coastal ice at lhail)' 

In addition to ihe dumping movement, this gradual flawing down¬ 
wards of reduced material, i.e. u( ruck that lias become mobile and lies 
almost nr quite freely exposed at the surface, is the regularly occurring 
form of mass-movement in forested stretches of senu-htmud regions. 
Like the ‘lama' of Italy, it continues the slumping on to very gentle 
stupes and brings about ihc further removal of whai hw betn washed 
down into hollow? and collected there. I he part it plays in these regions 
cannot he overestimated, being almost equal to that of nthwash. Even 
on slopes where the inclination is noticeably less than 5 , the wet masses 
are still in motion, as can he seen from the Wav in which they spread out 
over plains several kilometres wide, with a gradient of scared)- more than 
a* to 3 ; («.g. on the 'Hi rad an ptwieplane where there are usually no 
stream beds at the heads of the valleys), This state of affairs again forces 
us to the conclusion that denudation by free mass-movement, u. the 
kind described above, cannot come to an end before the mean slopes 
of the country have been reduced to an single of inclination of less 
than 5'. 

Slumping at the turret of tht Tl ater 7 Mr 

On account nf its great importance, this must lie specially mentioned. 
It ijccuts when an Impermeable water-bearing horizon is cut into, e.g- in 
the course of valley formation. Springs rise here and wash away ihe ime 
reduced material: or cbycy horizons become highly mobile and slide 
away, or rush down Thus condition* arc on the whole simitar to those 
for rock-slides; but the movement looks very much like slumping, and 
the material moved forward is generally confined withm narrow limits. 
The feature i* particularly widespread in regions of gently inclined sedi¬ 
ments with beds alternating in permeability or in their tendency towards 
mobility. 

The landslide scare are situated in tire overlying rocks which have been 
passively borne forward, and they are sleep-sided as is natural For their 
type of fracture. They unite trt give a steep scarp which recedes more or 
less vigorously by continued sliding over the water-bearing horir.nn, 
leaving behind it a landscape to The modelling of which I t Husseit has 
given'the name of ‘landslide topography’"*' Excellent examples are 
found in the scarplauds of south-west Germany. Thus the Malm plat¬ 
form of the Hctlberg is girdled round by scars due to alum ping, and the 
vigorous retreat of the Milin scarp lias letl to the 1>eheading of many 
valleys in their higher parts; so that tlicy now run freely westward along 



MASS-MOVEMENT 


104 

the strike, having already Inst their dendritic headwaters {c*g. north of 
D rcifal t igkdt&berg). Other instances are tile ret real of Vermilion Cliff 
along the Marble Canyon (Colorado Canyon area}, the development 
undergone by the Pliocene scarp of Vo [terra, or the recession of certain 
stretches of the Channel const of I ranee 111 , 

The bottom uf the ground-water horizon may be inclined towards the 
outcrop below the scarp Conditions art then more favourable for 
the occurrence of dumping in the direction of inclination of the water 
table than in any other. It is in this* direction, therefore, that a sharply 
inched V. having once arisen by slips at the scarp edge, recedes mmi 
vigorously leaving a valley behind it. This process has been followed 
pretty elosdy in the fine-grained deposits filling the troughs between 
mountain ranges in north-west Argentina 141 , it is developed to ft great 
extent in the Neogene districts of south-east Europe and Asia Minor, 
htginnmg at the eastern margin of the Alps, where the late Teniaiy beds, 
generally flat, cover an extremely hummocky ancient land surface. 
Within the Neogcne there are varying levels of the water-bearing 
human*; the most constant lies at its base and is associated with the 
upper surface of the buried landscape, especially with its valley tracks. 
Where this lowest water level has been ml into by a river, what most 
frequently happens i* that the springs work back up old volley 
tmb and expose them again t whether by slumping connected whh the 
outcrop of iht: water table or merely by u emit in mm s collapse above the 
Spring* which arc [gradually but continually washing out the line com¬ 
ponents of the mck, Cnder certain conditions il is possible for the easily 
denuded Xcogeuc to be carried away from a wide area without there 
bring at the same rime any noticeable destruction or change. For those 
parts of 1 he old land surface which have been laid bare* R Schaffer has 
poi n ted out sue 1 1 rcl at i unsh i pa i n t he dbl ric l of Kpijcnb u rp nea r Vie n Aft 11 * p 
and the writer has recorded similar cases in western Asia Minor 141 , ], 
Sikh suggests for this lIic name 'basement stripping 1 * 1 ”, It is only pos¬ 
sible when, firsts thr resistance of the substructure and that of the super- 
structure are very different; and secondly, when the main- rivers, from 
which basement stripping do not erode downwards so vigorously 

at to $fnlc rapidly Wow the surface of thesuhstnuum, 

Sirfijtwhtw 

In higher latitudes where the forest vegetation becomes k&s inipor- 
lani; and finally vanishes, it rs the exceptional soaking of the ground at 
1 he time of snow-melt which brinp About migration of accumulated 
mflMCS of waste, CT.cn when this consists of loose ruck fragments ten- 
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poor in colloidal constituents, and that on very gentle slopes too 14 * 
Tim process of denudation U probably general in ihc higher latitude* on 
those slopes That art not very steep, and have erased to be rocky. Where 
slopes are steeper, the movement becomes so vigorous dun the grass 
cover and even the sparse remains at' forest are ripped op and pushed 
Together, This h the "flowing soil' of polar regh ns, better 4 flowing rock 
waste*. or solifluction, as J. G, Andeis#ot« terms it 1 

According to B. i tog bom and j, Frodin, ihc reason for tills thorough 
welting of tire debris is that, during the thaw, the lower parts of the soil 
remain frozen for a Jung time, or permanently (the tjade of ihc Swedes,1. 
m that the melt-water cannot sink iti p anil it is merely the upper layers 
of soil that receive any benefit from it. These, having readied a high 
degree of saturation, move down, they flow {just as in semi-arid regions!, 
and it is only when the thaw lasts rather a Jung time that die movement 
reaches clown tea greater depth. The tjade never forms a level plain, but 
is irregularly shaped. Beneath patches of snow and of vegetation its 
upper surface is lower than where snow is absent; in the former case the 
moving mass of rock waste is thicker, and ihe water distributed through 
a greater space than in the latter. The material flowing off is thus 
dammed up at the places which art not free from snow or are plant 
covered. In the latter* it ls also because the iurf. at least when the season 
of movement begins, is still moled in the tjaele* 1 *. Those pi aces where ihc 
movement is more vigorous are unfavourable to die- settlement a! plants. 
Green islands of vegetation in the nibble lands uf polar regions indicate 
/ones where the suit covering is thinner, or where the movement has 
I Teen slowed down. They do not prove its absence. 

Fmst undoubtedly plays an important part in the movements, but it* 
action has not yet been entirely explained 111 In any CM*:, and especially 
on gentle slopes, lbe fluctuations in volume connected with freezing 
and thawing help to keep the movement going. Solifiuction is not at 
all unusual where dopes are inclined at scarcely more than j \ l he 
stream-like arrangement of the material in wide stream less valleys of 
exceedingly small gradient again forces on us the conclusion that, in the 
polar regions anti their marginal zones, denudation brought about by 
fioitfluctiom ami related processes cannot come tu an end before the mean 
dopes of the land have been reduced to less than 3 inclination. 

It is, from the nature of the case, nnxttuv that the flowing rock waste 
should collect into streams A ml l thitik it probable that the polar 
streams of waste have also, so a great extent, themselves created their 
beds, the waterier valleys which they fill. It is also true for high latitude* 
that the transported debris become* arranged in strands of movement 
that unite asymptotically^*; henc aba it aecumuble* tn a great thickness 
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and works like a [carpenter's] heavy plane as it moves along over its sub¬ 
stratum. 

The transported waste is a mixture of rock fragments of all sizes. with 
sonic of its components fine-grained and with a clayey admixture. Hut 
the fine dements, the matrix which furthers movement and reduces 
friction, are often more or less washed away so that the coarser pieces 
accumulate at the surface. If rocks from the source or supply show a 
tendency to break up into Coarse blocks, then one block comes to Ik 
upon another and the material presents the appearance of a block stream, 
[stunt river] There is thus an outward resemblance between polar block 
streams and the seas of blocks found in temperate latitudes, 

fin the Falkland Islands, early !',ibenzene quartzites bullish coarse 
angular blocks In the flat bottoms of the valleys where the material lies 
as well-defined streams, the tine matrix has been removed in pans, 
though by no means everywhere, and one can hear water trickling deep 
down below the blocks. This and the growth of vegetation on those sur¬ 
face Strip* which retain some of the matrix, explain why those streams 
were considered to be fossil format ions of the Pleistocene period, im¬ 
mobile at the present day. The arguments are not convincing, 

B. Hfigbom showed that occasionally individual blocks in ihc flowing 
debris migrate more quickly than this itself: they plough it Up, as it were, 
arranging themselves iri si rips and uniting to form block streams that 
float passively downwards on a turning substratum. What matters, there¬ 
fore, is the mbilralum. Thar also is exposed at one place in the Falkland 
Islands—on the coast where a stone river* rests upon a recently up- 
lifted underlying stratum and shares in the formation of the cliff. This 
situation was considered a further proof for the fossil character of the 
'stone rivers': but incorrectly. For the profile, as described and illus¬ 
trated by J G. Andresson 1 * 1 ' merely shows that, at that place, uplift 
and wave action have had A greater effect than denudation upon the 
rocky floor of the 'stone river'. Its lower layer consists or a loam inter¬ 
larded with stones. I* i* extremely improbable that this would not, if it 
were Saturated, move along an inclined substratum. But if it moves, an 
also does the ovcrlyine zone of blocks The general movement is cer¬ 
tainly vtry slow and the material tumbles very gradually over the cliff. 
There it further suffers the same fair as those fragments which the 
breakers rear oil directly or winch fall down after undercutting. The 
stone rivers’ will always cud almve the diff, 

SulifluLtion is taking place in the Tjlkl.imls even nowadays. It has 
been observed wherever a quicker flow makes the movement more easily 
recognisable, e.g. in the tributaries of the wide shallow valleys, though 
their slopes may scarcely attain to Thus at the present day climatic 
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4nd other conditions arc favourable to mass-movement. In the very 
much flatter valley btiu<im& F the movemfcsil of the main streams t$ not 
noticeable and hm certainty been always extraordinarily delayed. Not 
only does the waste misiedal coalesce in rhe*c \ alley?!* hut water collects 
there, too. Thus its action must be far more energetic here than on die 
slopes of the catchment basin. Washing away mf the packing mate rial 
and accumulation 0 f the blocks is the natural consequence. This h why 
the "stone rivers' arc to be found just in the valley bottoms This arrange- 
meni does not prove that die whole formation is fossil; but it shows ihai 
in die volley bottoms the relationship between the quantities of fine¬ 
grained components and of water is different from that tin the -valley 
flanks. On the flanks, the smaller quantities of water are completely ab¬ 
sorbed by the w.-iaic. swallowed as it Weft, and in such a state of walura- 
lion it flows a* a whole {mmt-rrtm rnitnS). In the valley bottoms there is an 
e\Cc&> of waiter which simply sweeps away tht- tratisftortitbl# materia] 
[mms-trampQrtj* This naturally applies in the first place to the fine and 
very fine components of the stream of rock waste, since water, whatever 
its quantity, cannot transport large blocks along small gradients. It is not 
easy to envisage why this should be the case only at ihe present day* and 
not equally so in the past. The Pleistocene climate, in particular* could 
tiot have had this effect. In the Falkland^ it furnished greater quantities 
of melt-water: and though this would have led to the ’flowing' of the 
Ntunr rivers 7 in their valleys, it would also have produced an even 
i^rcaici washing out of the packing' than U to he observ ed there n the 
present day. 

Undoubtedly, the process forming ‘mass-streams 1 iti the FalkEands, 
like that producing many siruitar phenomena in other parts of the world, 
goes back to the Pleistocene period and probably much further still Hut 
the conclusion that they arc not continuing to develop at ihe present day, 
over the whole of their extent, and in the same direction as during the 
Pleistocene period, is not jnotifiable either on the grounds that the main 
Streams 4re depicted of their fine-grained packing material, ur because 
of their apparent bek of movement—and maybe even measurements 
extending over several decades would give no proof one way or ihe 
other. 

Soldi union, which takes place over a frozen subsoil, is nowadays con¬ 
fined to high latitudes. Without any line of demarcation, it passes into 
'flowing rock-waste 1 which, in regions where the annual temperature i* 
higher, goes on without the aid of frost, or of tjaclc; it is more apt to 
flow ami doe* so more oiiilj, the greater the proportion of culhidai 
matter; and above all wherever there: i* 4 sufficiently thorough soaking 
ol the exposed detritus, tl must have been the application of the term 
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"soli Auction* to all these forms of FFiuvement of rock waste which Jed U. 
Hdgbom to consider it as a process spreading far beyond the polar ssone 
and its marginal districts 1 V| F 

During the IMciatocenc d is placement of the climntic zones, the area of 
polar so]ifluction was extended ctjiwtorwards. The assumption that 
traces of it had beers preserved intact in the temperate region right up to 
the present day p is based on the occurrence of similar phenomena and 
fur ms of movement in our own bttJtudeS. The) had been considered 
peculiar to the polar zone, Thai this is incorrect has been show n for the 
'scajT of blinks found in the German Highlands (p.66); and it is evident 
from the fact that analogous fret mass-movement is encountered in 
nearly all climatic regions. 

AJJ that can be established J9 that such block sea*, as well as Lite debris 
covering the slopes of temperate regions, may 3 save originated in part 
during a not very distant ice age or (even) earlier, iad may then have 
left its place of formation: but wc cannot say Ltuii the formation or tile 
downward movement lias since sutler ud any interruption. 

(B ) Botthii-di.ncn Mass- Mat tmmt 

TliU is the prevailing form taken by sheet denudation in district* with 
a continuous cover of vegetal ion. Thb latter by no nitan> always 
possesses the tenacity noissan to bind the migrating material. It, in 
consequence nf comparatively quick movement towards any one place, 
accumulation occurs there, the strained plant cover tears as soon aa the 
weight of the downward-pushing nmterhi! attains a certain value The 
weaker turf covering gives way to this pressure more easily than where 
there is continuous forest. On fhtlish slopes, therefore, it ie^rs soone r 
than the ground under trees. These relations hi p.^ arc hroughi out by 
comparing landslide* (slumping) in forested country of the temperate 
zone with those in open bud; or by comparing the slumping not a asso¬ 
ciated with undercututig, which constantly recurs in mountain regions 
covered by tropical forest, with the mass-mmetnem of semi-humid and 
sub-polar regions where the fechltr or weakened vegetation cover is un¬ 
able to stop frw flow even on a small gradient. 

Damrning-up material covered by vegetation* especially when this is 
forest, so that the cover is arched up on the lower parts of the slope 
(without necessarily tearing); implies an accumulation of material; and 
this, in it* turn, implies movement of rock derivatives to that place. This 
sum total of features is sufficient to prove that reduced materia! does 
migrate even under continuous forest (sec p. 80). 

G GOtritiger was the first to make detailed investigation on the sub¬ 
surface migration of shape waste. Adapting the Hughsh mode of exp res- 
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sion ¥ he introduced the word ‘fcrefchen 1 —creep—for the movement, and 
'Gcfercich p for the material that lias moved 1 ^ 2 . The movement fa very 
slow. hut can he measured as it influences the growth of tree*. The root 
system of these fa anchored in the deeper horizons which move mure 
My; ur in the living rock itsdf, whilst the quicker moving superficial 
layer presses the upper parts of the mot wystem downy lope. Vhfa rotation 
couple makes the trees oblique at the hase, while the trunks as a whole 
tend to grow vertically upwards. Thus they show curvature, convex im 
the down-dupe side, This is called ttilt effref. In exceptional cases it is 
also found on nearly level ground. But this does nut prove -as has some¬ 
times been suggested that the stilt effect was unconnected with suit 
movements and that it dots not indicate these on itie steeper slopes 
where it regularly uccurs, It merely proves that material is still moving 
even when spread out almost flat. Its upper layers move more quickly 
than the lower ones, which may even not move at all* 

There is a further series of facte which (in addition to those mrruiuned 
on pp SfjJ, show convincingly that material beneath the vegetal ion 
cover moves downward, even on slopes of very small gradient. S. 
Pas&arge pointed nut that, in the flat alluvial meadows of our latitudes, 
tKe soil shifts towards the beds of the watercourses 11 ^ and K. Sapper 
established the fact that the turf thus carried forward by the migrating 
soil is always being undermined and tom off at the edges of the river 
beds. He called this process turf peeling' 1 * 1 . For years the author has 
been aval cmati cal Iv observing *uvh features It has become evident that 
they are very widespread. On any valley floor, however wide and flat, 
whether wooded or grans v* the accumulated material pushes toward* the 
line of lowest level. Should a ] ram anon t stream be there, the tendency fa 
to d me its bed. This may he expressed in the following v ay: The vegeui* 
tion cover—grass or woodland—-fe undercut by the wash of the water; it 
overhangs, until finally pieces tear off, and fall into the channel of the 
streamlet, 'Hus happens not only an the undercut side of meanders, 
where naturally it is parriculurly well developed, without having any 
direct significance as regards sod movement, it abo occurs simul¬ 
taneously along both banks of fairly straight reaches The streams under¬ 
cut their edges, without thereby becoming wider; which means tlial they 
arc occupied in keeping their beds open. Every ptisdlile stage is found 
depending on the relationship between the varying Intensity of mass- 
transport by running water and the amount of material coming down 
fir3m the sidt^ Scarcely any of ihr valley-heads on, for example, the 
penepiafttti and Hatthh country of the Central German Ri^e shows a 
Trace of stream-bed with either permanent or imrnniitentJy flowing 
water. Such depressions, normally wide troughs but often narrow 
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gutter, arc usually marshy even when the gradient is not particularly 
gentle. Drainage ditches cut in the reduced rock material, always thickly 
accumulated there, have to he renewed from time to time; for the water 
itself is unable to keep its channel open whether, as befits the gradient, it 
is flowing lazily or in lively fashion. Under certain conditions, rain nr 
melt-water as it flows off is able to dig natural channels in the accum¬ 
ulated material; but these do not persist The larger stream lets have no 
trouble in keeping their paths open. They cut right through what lias 
become heaped, up on the valley floor, and depending upon their size 
and the gradient—may even ailudt the substratum. Watercourses seen 
to be eroding vigorously are not free Frnm the features under discussion; 
but there one cannot distinguish the share taken hv spontaneous mass- 
movement from that due to undercutting. Only this much is certain; the 
latter must he preceded by the former. Undercutting may locally accel¬ 
erate the migration of detritus; hut what it cuts away ti fed from rock 
derivatives spontaneously moving to that place from further away. 

The fact of subsurface migration of material, even on very gentle 
slopes, shown bv the observations mentioned above, w ill be brought out 
even more dearly when mass-streaming is discussed in a Jaiei set lion. It 
will be shown that even when going on beneath a cover of vegetation, 
denudation does not come to an end so long as the average slope of the 
land exceeds a minimum Value, which i* always more than o ; , but less 
than 5 . The features we have !>ecn considering show further lliat what 
migrates from the valley sides and collects at the foot does not stay 
there permanently, even if running water does not remove it. 'ITie down¬ 
ward movement occurring on the steeper slopes is continued by further 
migration on the rather flat and very Hat slopes that follow below The 
material, usually in a more intensely reduced form, is finally brought to 
the watercourse even if its bed Jits at some distance from the bottom of 
the valley slopes. '[Tie mass-movement observed over die vsdlev floor 
takes place in the zone of water accumulation or even where there in 
actually a fltnc of ground water. It is therefore not surprising to find that 
there the rate of movement increases to noticeable amounts in spite of 
the small gradient, 

Humid-down movement is nr» peculiarity of temperate latitudes but 
seems to occur all over the earth wherever a eontimir.ua .over of vegeta- 
tiun is spread over the slopes Indication# of its occurrence have alrcadv 
been mentioned (p. 109), Since fifitimger'a researches drew attention to 
this phenomenon, a considerable amount of evidence has been collected 
both from the tropic# and from the wmi-humid regions 1 **. 
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(y) Common and Corrasmn f 'alky? 

Junt as rock fragments Lire worn down (attrition k whare the material is 
moving freely, so are those in the detritus which is moving underneath 
vegetation, They become founded sit the fidget ami sometimes scratched. 
This, and tile absence of [any bedding or other] directional planes, oeca- 
sionsiliv causes the material to resemble moraines, a feature of conver¬ 
gence which Jed to their being formerly uufllJiicn lor Pleistocene 
moraines 1 ™. besides reduction* which is greater the longer the time of 
exposure, so that the components of the rock waste become smaller and 
smaller, attrition also increases with rhe length of the mutt Travelled, 
Thus the talus of uniformly inclined slypes usually shows a finer grain 
at the lower parts of the slope than higher up. 

Thf mechanical action on ike underlying ruck* caused by material 
moving over it, Is very marked. I t is most easily recognised in the hooked 
iffect i the downward bending uf layers uf bedding and cleavage which 
are inclined mure steeply than the slope of the surface. Mere weight 
cannot bring ah out this phenomenon, as each upper edge is under¬ 
pinned and supported by the one below ii The hooked effect is pn>* 
duced by weights that have been muring. Ii thus informs us in J direct 
way of the movement of the reduced material* The nature of the mech¬ 
anical action on the rocky substratum can also be traced; from the resis¬ 
tant upper edges, which project over their neighbours, long streamers nr 
pressed-off pieces trail down the slope and only hi some distance from 
their place of origin do they merge into detritus which shows no direc¬ 
tional trend in it* arrangement. The actum ir nut a scouring or polishing* 
such or occur f under rapidly mendng mulen&L but preSAtng-eiff and chisel- 
hng-yff of rack fmgmtnii which have been partly loosened ham their 
union with the solid n*ife h but have not been sufficiently reduced to he 
able to migrate spontaneously In part>% however, they are s-till firmly 
connected to their surroundings and, fur example, by the way in which 
they protect from them t offer a surface of attack to the downward, pma- 
ing material m it is moving a lung. 

The mechanical action on a uniformly inclined tttbtfratim increases 
with the weight of the material moving over it Ollier things being equal, 
the extent of the mechanical action On the subsoil increases downslope 
in the direction in which tile talus is accumulating. As the thickness of 
the moving fioil cover diTninUhcs + il is noticeable that the phenomena 
described become less marked. They are especially conspicuous in dry 
valleys. Hie rock exposures are here buried beneath a soil cover thicker 
than in any pare of the bordering slopes, toward* which Its thickness 
decfeoses The bottom b never smooth. Even in absolutely Junius 


I 12 


MAS*-MOVEM ENT 


gtnctms roc:k nu renal, it is full of pockets and pot-halts, tike tiiu*tt irt u 
rher lued* l ump* of nibble are priced into ilic pockets; imd, wlun the 
nock fragment* Ate flutter in shape, they are pushed over one another, in 
the direction of movement, like tiles on a roof, Such pockets, hollowed 
out, and with their walls smoothed, can be observed on the steeper 
slopes: and there it h possible to recognise not only foreign matter from 
above, hut also pieces taken from the pocket itself, often still connected 
with the solid rock. I hc pockets arc nut just holes where weathering lias 
gone down deeper than in the surrounding parts; hut material must Iwvc 
been removed from them since foreign matter has entered in its plate. 

We are giving the name corrosion to this freeing uf Itft&cncd rock frag¬ 
ments from their place of origin, which they art unable to leave spon- 
Lancntndy when they lie beneath a thick covering (p-54) P this pressing-off 
and pricing away of pieces of rock that arc slightly or not at all loosened, 
and their removal by the material moving over them, The force and 
violence of its character distinguishes it physically from the spontaneous 
downward movement of ruck particles which begins on an inclined sub¬ 
stratum only when there has been an adequate amount of rock reduction 
Epp. h-p (y$h In the one case (spontaneous movement), the force which 
leads to the removal of the small pieces of rciek from their place of origin 
ia determined by the gravity component (gradient) and the mass of the 
solid body concerned The result is to expose a fresh Surface of rock; and 
ihi* is the essential feature of dnmthititm. In the oihcr case (corrasion), 
besides the downward pull appropriate to each particular little bit of 
rods, the pieces are subjected to the very much greater force of the 
material moving over them, a force, moreover, which h independent of 
their own mas*. With corrosion. too, ever fresh ruck surfaces are being 
laid hftre and exposed to the forces operating (reduction and corrosion). 
Thus denudation and corrosion both bring about a renewal of exposure; 
hut, other things being equal, at a different rote llenuikiiott, fur ex¬ 
ample* can work Only as quickh us mobile material can be made reach 
by the process of reduction; corrasion, on the other hand, acts mure 
quickly* From this it follows that the removal of material beneath corntding 
masses, u mure active* more interne, than under thou tthick are not cor- 
raditig. Should the corroding material unite into streams, the effect due 
Up increase of weight (mentioned alum) come* into play. This mews 
iliai the substratum h acted upon mure powerfully, that is. corrosion is 
intensified. Now, increased denudation beneath a corroding ’mass- 
stream" must excavate its substratum into an elongated hollow, dh- a 
furrow 1 should like to propose the term corrosion valleys for 1 alleys 
" ith such an origin. Two type occur, connected bv intermediate forms: 
(j) Mode, shallow valleys, t/tm R hdikc i» cross section, their llucn gradu- 
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ally posing into gentle ^ide-dopes and having but a blight gradient; (£) 
narrower trenches with a sfet-per grad i till and the floor mure detinitch 
marked off. hi every cast this contains a reoogni&ahJc m^s-$tncam. S he 
valley bottoms never show any sign of a stream bed or anything like it. 
Since these furrows, which are often united as brandling systems, have 
no emsiomal history, they stand at unc end of a long series of features a; 
the other end of which Ls the pure erosion valley, the gorge. 

Wide, shallow trough-valleys, Itaving as a rule no stream bed, ere the 
characteristic form found on penepknes and landscapes uf gentle aver¬ 
age gradient all over the world. It b only in the wet tropics that no 
observation* have yet been made on them—or rather, they have not been 
noticed. They are best developed and best known in arid and >c mi-arid 
regions (p. 97), They appear to be present in the poke zone (p. 105). '^nd 
I have also found corresponding features in the scini-humid regions, but 
only where the country is very Hat, probably because only there is rain- 
wash unable to cope with the accumulation of rock waste (p. toa). But 
even there, as J or example in tliz extremely shallow valleys of lhe Thra- 
cian penepknes around the Bosporus, furmws due to water, trickling in 
tiny riliSp are not entirely larking 1 J hey lur-t occasionally cm through 
amunukirioris of util often several metres thick, aud their brntornit show 
corriisimi features of the kind described above. Irt those regions where 
rsunwash La dominant, conditions are not very favourable to aecuinula* 
tton of the products of rock reduction, and the joining of such material 
to form + stnMim&h for there is a close-meshed dissection of the sloped, and 
usually thorough removal of reduced materia! even front the collecting 
furrows. For every ease in which observations have been made on the 
Hattish valleys that arc being discussed here* it has been found that they 
are marked by n consistent form (independent of the climate j, by the 
cumpkte absence of any indication of beds con Mining running water, 
jjid bv the extraurdinarv acctuinilati on ol reduced rock waste on their 
doors. This material vary often show* the stream-form considered above, 
or its How has been directly established. Whether however, such fur- 
rows arc, or arc nob the hxcIumve work of iomisiti& p is quite another 
question. 

Analogous valley trough* and furrow* are met with in temperate 
regions, chiefly near the heads of valleys formed by erosion* and are of 
regular occurrence when these lie in flatiiah country {pp, K?y) + Refer¬ 
ring to conditions on the scarp kind jxmeplimes, !L Schmrfthcnncr rc- 
Itics their origin to the joint work uf trickling water and mass-move¬ 
ment. lie puinls to the instability of such furrow inga in the valleys which 
he call* -delink* They arc immediately dosed up again by material 
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r ^ing the place of what lias gone, and in that way mass-migration i$ 
accelerated 1 * T , However, the deepening of those vaheys cannot well he 
attributed to trie Wing water, just as- the lowering of the enclosing ridges 
cannot lie put down to rain wash; fur in our latitudes, hi any case, the 
continuous cover of vegetation reduces the effectiveness of ruin wash 10 a 
minimum. "I'hus water channel* develop only at specially favoured 
places, and have particular difficulty in establishing themselves un the 
doors of the above-mentioned valleys. With us., these are usually 
meadow land. Agriculture avoids them, since moat <ff the ground is 
marshy Swampiness is the direct result of the accumulation of the 
dctrital material. This becomes saturated with water which it retains 
long after the wet season: for seepage water collects in these valleys from 
oil the tributary slopes, and the smallness of the gradient is particularly 
favourable 10 infiltration at the expense of the surface run off But the 
same can also be observed in the steeper furrows. Tlieir swampiness, 
revealed by the vegetation, i* made possible only by the liigh capacity 
for moisture which the accumulated material possesses. Where there arc 
exposures of rock, and fortunately these are not entirely absent, either 
here or in the Hat trough-like valleys, the thbkuess of the soil covering is 
shown, And there is no artificial cut through these aecuniulatiuiSH which 
docs not show, excellently, features due to ceirasion. Thus, if water 
should run off along trough valleys which ire nowadays without stream- 
beds, and along tlie branching systems of "dells' 1 (which by the way are 
only in part true corrosion valleys, having in most eases a history' of 
water erosion), it digs a furrow, which scratches iniu the accumulated 
waste and not into the rock floor. Any possibility of trenching the hitter 
has thus to a ereo! extent been removed. In the forest, conditions are 
different in many wavs. Water channels are mure frequently to he found, 
and indeed under circumstances where these would am be present in 
the open country. Obviously this is because turf forms a much more con¬ 
tinuous armour-plating over which whatever water has not seeped away 
runs off without being able to do much cutting down; whilst in the 
forest the upper pans of the ground are tint always protected and made 
firm by low-growing vegetation . Therefore any water that has not seeped 
away finds here, between the individual trees, more opportunities fur 
mechanical attack”". 

As regard* water content, the ■mass-streams' uf our latitudes, as well 
iis of any regions wlicre the ground is at least sometime richly supplied 
with water, are extraordinarily well-favoured. They receive practically 
all the water that fall* on die slopes leading to their beds, both what sinks 
in and what flows off (W the surface. It is tlurrefore not specially re¬ 
markable to find that in stream less valleys several kilometres long, the 
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material spreads nur tn a hardly mitktablc surface gradient, and that its 
composition occasion ally shwa thar ii hus travelled a long distance. 
Where these valleys (us in their uppermost rainificatlotip) do not all the 
time reach into the ground water, ibis long cuntirnicd moistening of ihe 
substratum means* in addition, an mtenrifieation of weathering* in unit 
lime nmre rock material U loosened anil disintegrated here than in the 
surrounding parts. In thi* way denudation and cumsioit arc encouraged* 
specially favourable condition* are created far Irene King the rock floor 
and even more for headward extension of the furrow, Tim especially 
applies to the steeper nnirmver furr ow ^ in the bottoms nf which material 
sometimes accumulates to a. depth of several metres to spire of a con¬ 
siderable gradient there is swampiness with no 5ign of a stream bed. 
They may be considered pure corrosion valleys, t >n steeper slopes they 
took like the beginnings of Y-shaped valley-cute, and here they often 
occur in groups, as on the slopes of the tower scarps of iht [German] 
Scarpland region, or on the hanks of mudatrately trenched erosion valleys 
of the type found in the Saalc valley above I lof I he comparatively steep 
gradient leads one to expect that during the wrt season there will he 
perceptible mutton uf the material m them. Thh would be a good field 
for making measurements. 

Should a mass-streami graze a water-bearing horizon, an actual channel 
will appear. And from this, dr> r cracks, variable in their position* may 
now and then be seen reaching tip-vdltfjp 11 ^ 

'fhc existence and action of linear cormsion is placed beyond doubt by 
the observations here submitted* It is this which lias produced ihe ulti¬ 
mate and most recent ^treamles? ramifications which, especially in the 
source region*, reach tuck from tlac valley* of gently doping country. 
Bat by no means all streamless trough-shaped valleys of our laiimde* 
can be considered the exclusive work of linear common, Rather do the 
majority of trough-shaped valky& p both individual features mid whole 
systems, give proof of erosion [hy water]. Thin is true even for those 
streamiesH ones characterised by a vast accumulation of reduced rock 
material on their floors, such as stamp their impress upon the summit 
landscapes of the German Highlands, the Searpland peneplancs^ etc. 
This will be ireated in a later section [VU, 2]. Interruption of [water-] 
erosion led to obliteration h v the migrating material of any direct traces 
of it, and ii is tn the action of this material alone that the further develop- 
mem must lie ascribed, Resides trenching* yet io be proved, working in 
ihe direction of The uppermost ramifeatinn*. it is uIfki necessary to take 
into account the headword lengthening of these, and ihe formation of 
new shorter tributary furrows /; is these which ttrr the crtirrmun f alleys. 

A further member of this series of phenomena is the wide trough- 
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shaped valley, with a si ream meandering along its floor, entrenched in 
the vast mass of accumulated material, hut not in its suhstremm. Up- 
valley, such troughs pass over into valleys with no stream-beds, and 
quite gradually into common valleys (c.g. Upper Main region, south¬ 
west German Scarp lands, especially the Wtlmitz valley above Dinkels- 
buhl, and the 'Tauber valley with all its ramifications, etc,, above 
Rothcrtburg). Down-valley, river action lias definitely set in, as can he 
seen from the appearance of water-transported material, and the occur¬ 
rence of steeper sections uf tine slopes. The gradient becomes steeper, 
and tile valley flanks dose in, becoming uceper and higher. 

fcamittatinn of die material on the floor of these upper courses shows 
ail accumulation of unknown thickness, consisting of col In ids I end- 
prod lit Is, undecompoied residue and tiny pieces of rock, hut no 
pebbles, The same occurs on the valley Iknks, still showing considerable 
thickness, yet thinning upwards; there are more pieces of rock, amongst 
which pebbles are conspicuous, often well rounded (but not rrver- 
transported}. Thus nor even in the valley bottoms is there any longer 
direct indication uf previous erosion pry water], least of all in the beha¬ 
viour of the streams w hieh share in the seasonal fluctuations of the water 
table, and when this is low, may run dry in the upper reaches. The ad¬ 
vance of the vegetation, from both sides, over die channel margins wit¬ 
nesses to mass-movement, as dues the spreading out uf the material to 
form aimEMi level plains, ft is rnttiirally a help to its movement that this 
material, right at the lowest part of the valley, lies at the level of the 
ground water which is flowing slowly out of the valley. Since there are 
no features whatsoever of dammitig-up, such as are frequent in dry 
regioni, we must assume that the whole mass moves in the same direc¬ 
tion, and thus, in a certain sense, forms with the ground water a single 
gravitational stream, The concourse of mass-streams of material coming 
together from all the slopes, is balanced by an equivalent removal. This 
removal, however, docs not generally begin till the running water be¬ 
comes more independent of fluctuations in the water table, i,e. al some 
place down-valley. 

Bcamir af all this . mait-ttrrammt: must bt tecknned tr ith, as playing a 
part in thr shaping of valleyt; and, trithin ft stain limits, even in temperate 
rtgkmt it acquitet the significance of being an important factor in valley 
formation, 

si. Grit ringer lias already published quite a number of observations nji 
Corrosion over the whole surface of slopes. Similar features art neariv 
always to be seen an the side walls (it. in the profile} uf nature! wet ions 
in the lower-lying parts of the country, wherever these reach down to 
wltd rock It is found that the correman is associated with rocks which 
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are noi very resistant to weathering and oil those easily a i fee ted bv 

mechanical action. 

Such results depend even more upon the inclination a i the ground 
than upon the character of the rock and the weight [of the moving 
material] (p. in). Even under a thick cover* corrosion comes man end on 
I airly steep slopes, since the pressure everted by thiii material decreases 
with an increasing angle of inclination. 

Further, it has been observed that there is no corrasion in the case of 
(he rbttish slopes* covered with a thick layer of soil* which are found in 
I he higher parts of the area. Only lire upper horizons of the soil profile 
-’rt sufficiently reduced to migrate from the place, the lower ones follow¬ 
ing suit when they have acquired the same degree of reduction, This is 
characteristic of the region of supply. Tt i.s only lower down that, where 
the inrim.irion is suitable, there are signs of corrosion. Ihe^c parti uf the 
slope are not only a source of i*itk waste, but also a region over which 
materia) from above travels. Weight therefore increases t and capacity fur 
mechanic^] work, right down la the foot of the slope. Gradient and rock 
bring stumble, the most pronounced corttrion effect are found there 
Recapitulating, it may be said rhij( vegetation is unable to prevent the 
individual paths of moving particles of rock from uniting into strands of 
movement, and thus cannot prevent the formation of mass-st reams 
(F- 9&b 

Further* there cannot be the slightest doubt, that today as ax any other 
time* mass-movement is m progress on every slope. Solid matter ts in¬ 
cessantly being conveyed to the water-courses, by its own movement if tt 
has not previously reached them by processes which accelerate this For 
[he must part, this movement takes place over (he whole surface; hut it 
also goes linear-fashion in nu&vatreams. Such being the stale of affairs, 
it cannot he maintained that the cvira-gbciEil region* of Central Europe 
are not developing now m the :;um- manner it b they did formerly In 
these pam, the Pleistocene fluctuation of climate could cause alteration 
in only two respects: 

(rt) Migration of material, which may indeed have been poorer in its 
coDoicUl content at that time, went on over the whole surface or along 
special lines at the same places aa now Hut it was unde r polar conditions, 
freely, not bound down by vegetation, w hether there was or wi* nut 
bade, jtist -am can be seen in the higher latitude at the present day . 

f4) There wo* a shift m the ratio between the amount of materia! 
brought down and that carried away by running water, as is proved by 
the Occurrence of terraces in the larger ^ allcss (though not in the head¬ 
water regioni), This shift can |w put down to imrrwt in the amount of 
material arriving* or to lessening of tfie water content of the streams* or 


uK 


MASi-MOVI MEN I 


to both. > >. tor slope* outside the water-net, nut even :* change in the 
intensity of denudation during the Pleistocene period can he deduced, 
with any certainty, from teiruces alone. 

There is much to trfme the view, but not a single observed fact to 
support it. that die passing of Pleistocene conditions brought to any un- 
giaciated area of denudation either uii interruption in rock reduction and 
surface denudation or a change in direction of the latter 


CHAFFER V 

GENERAL CHARACTERISTICS OF DENUDATION 

i. RETROSPECT 

RELATlONSHn’ TO CLIMATE 

T he foregoing survey of uhstrva lions on mass-movement confirms 
the tenet that it occurs in nil climatic regions .md: oq all slopes 
where the gradient exceeds a minimum. In a)! parts of the world, 
wherever slopes have more than a Certain degree of steepness, individual 
loosened particles move nwiy from the bare rock. This occurrence is to a 
hrge extent controlled by the vigour of the Yegeutiun: other things being 
equal, such movement takes place in the tropics [only] on steeper slopes 
than in the temperate zone, and here again on slopes steeper than in 
regions where vegetation becomes sparse and finally absent. Bdow that 
maximum steepness, cumulative rati on rakes place as either free ur 
bound-down mass-movcniem* antf this continues* ns fine movements, on 
the very slightest gradients: therefare there is no climatic within, fr&m the 
equator to fire margin of the n r cops, win re sheet dentidaiian cun possMy 
curttr to an erttf m twig us the triton slope* of the lutul exceed that minimum 
gradient As a first approximation, a value below f and above 0 has been 
found. The gradient of the slnjjcs is always greater than that of the 
collecting furrows. 

This feu far*. tmtmmn fa oil mass-mercemmU pfmes that it is independent 
of climate, ns hadfpllourett from oisr ext on mat ion of the ptercifttiiiret far iVi 
oa urremt (p. 71}, It utsu prores dud sheet denudation it not dependent upon 
climate. As a manor of fact. areas of similar cndopenetic development 
have also, in all climatic aones. the same denudational forms, 'Hiis state 
of affairs has often been questioned 1 * 1 : hut any doubt of it is far from 
according with the actual conditions as seen in every part of lilt world. 
Tt follows universally md irrefutably from the fact that at! processes of 
denudation are gravitatiunal streams- The same land forms must neces¬ 
sarily dr letup in oil climatic tones if the prerequisite mtulititm for deter ~ 
nritmjg the gradients are the usme^ It has become dear that these pre- 
requ bites arc ultimately of an emiogenetic nature 1 * 1 . ¥ Fhe port played by 
the character of tlie rock is nf course only iecondary. affecting details. 
Observation has L hnwrer, shown th.it under correspnnding endogenelk 
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conditions similar forms of denudation appear in different climates at a 
different rate. Hie reason for this will lit shown in a later section when 
trailing •>{ the relationships between dimnlt and denudation alone lines 
of permanent, nr intermittent riven*and rivulets. 

With change of climate, the prevailing type of weathering may shift 
from chemical to mechanical or vice versa: but the fact that !he rock is 
being reduced, the one essentia! for denudation, remains unchanged. 
The composition of the migrating material mav change, and the outward 
form of its movement, from bomui-cfmvn to free, nr in the reverse direc¬ 
tion; hut the fact of its migration is nut altered. With the disappearance 
of vegetation, -dope* of critical angle may turn into hurt rock precipices 
from which individual tiny pieces roil -»IF in collect as scree; nr, on the 
Ollier hand, nigged rocks when encroached upon by a plant covering may 
become ihc scene of bound-down inasi-mmtmcrn. But this change no 
more affects the steepness of the slopes than does their continued reduc¬ 
tion ami denudai ion. On sleep rock faces there i.* no change at all. 

On the other hand, apart of course From glaciation, a change of clima¬ 
tic conditions may lead to alteration in the relationship between mass- 
mo Yemeni and urns'? -transport, between conveyance of material to run¬ 
ning water and its befttg carried away. This change must Like place in (he 
opposite sense in different parts of the earth, as indeed happened in the 
Pleistocene period. Visible transitory phenomena can, however, develop 
only at those critical places where the streams of reduced material, 
moving down all the land slopes, change their type of movement, i,e. 
along the line-5, of permanent nr intermittent river- and rivulets. These 
phenomena, to he discussed Inter, seem as if they were an interruption 
in the prevailing conditions of denudation, without heing so m reaLitv. 
The fact that they link up with the paths of water flowing aver the sur¬ 
face show’s what it is that lias been altered: neither the continuance unr 
the direction of sheet denudation, but merely its quantitive ratio to the 
further transport of rhe material by water idong a persistent linear path 
in jusr the same direction, This may affect the result of its work in some 
other way, hut cannot bring about any fundamental change in the forms 
of denudation. 


2. THE PRINCIPLE OF FLATTENING* 

All mass-movement has this in common, that it removes materia! 
from elevations and carries if to depressions. If these latter art not at the 
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snmi.' time deepened, by m equivalent amount, the process effects a 
lowering of the elevations. This necessarily means di mi nut ion ot‘gradient* 
flattening of the full-slopes, In this case, on a given slope there comes 
into play, in successive time intervals, movement of the same type and 
velocity as can be observed on neighbour!fit* slopes, similar in their 
nature but different in steepness Should Teposii ion raise the level to* 
wui-d* which the material is moving, this means an increase in the rate 
at which iht gradient is diminishing and the flattening inking place. If* 
on the other hand* this level is relatively lowered, the given dupe cannot 
simply become steepen but (as will be shown later in some detail) new 
steeper declivities appear which replare the former ones, Ao part of my 
Surf at* on the earth, m matter how? denudation works upon it, cun cret 
thereby become <1$ a whole steeper. If eon only became fatter. The most 
important late obeyed during the development of denudational forms is this 
principle of flattening, 

j. THE CONCEPTS DENUDATION, CQRRASIQN, 
EROSION 

The removal of small pieces, browned from the solid rock, creates new 
surfaces of attack for the destructive pnKoses and so h rings about 
retttwtti of exposure* This effect is independent ofthr type of ma&s-tntns- 
port P whether i e is spemtaneons—mass ■ movement—or hr* mght abou t by a 
moving medium. It is common to all processes of denudation, being the 
most direct result of any denudation at all. and the necessary condition 
for its continuance. Two essentially different processes art concerned in 
this! transport of particles loosened by reduction, and forcible mech¬ 
anical separation of small pieces from the parent rock. In the first case* 
renewal of exposure takes place at the same rale as the. reduction: this is 
dentidnthn. In the second instance, capojuire is renewed more rapidly 
under the influence of moving material (p. 11 z). The processes working 
fit such a way arc designated 'corniswcT and 'erosion 1 . 

There are some difficulties which are met when we tty to distin¬ 
guish these two concepts from one another, especially as they are not used 
in a consistent manner 11 \ Physically difforem processes work together, 
each coming more or Less prominently into the foreground according to 
the given circumstances. Thus quickly moving material polishes and 
scratches the rocky substratum. T his is seen not only la the l*eds of nm- 
rung water and moving ice, but also in the tracks of rapidly moving mass 
stream* whither dry or wet. The process called corrasjon b\ \ 
Penck 111 , is obviously related to the rale of motion. In addition, there is 
a tearing away, chiselling off, and pressing away uf fragment*, this being 
the chief method in the ease of slowly moving material, li rake* place 
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over the whole surface of slopes as well as along the lines of cubaerial 
mass streams, of m min$ water, and at the bottom of moving ice. Other 
things being equal, the intensity of (his process increases with the weight 
of the moving material, For both kind* of inochaniLal aetiun upon the 
substratum of solid rock, the conditions are best when ihe material h 
collected into «irtanis; it concentrates the mechanical forces along 
specially favoured tine*, If this concent ration along lines of move¬ 
ment it the characteristic feature of erosion, the furrows deepened by 
flubaerial maas-st reams are erosion valleys, wliile the polishing of whole 
surfaces by ice not set in valleys, e.g. ice shcci? f 13 corraston, But such a 
definition of erosion i? not satisfactory. since it doe* not bring out the 
significance of the moving media, and it is the way in which these act 
that really decides how the denudation occurs and its intensity . In parti¬ 
cular. water on account of being much more mobile, has a far greater 
tendency to adopt a linear course titan has spontaneously moving solid 
material. Fur the same reason it is able to impart Ik motion, which fe* 
other things being equal, far more rapid, to detached solid bodies. Not 
only docs it in this way lead to their l^eirtg removed inure readily from 
their place of origin^ but ii al^o* in p*mcubr T TitereaMv their power of 
doing work, enhancing ihe mechanical action upon the rocky swhfitjrK- 
mm Thu*, in cun'ns*: to ihe far slower mass-movement polishing and 
scratching air nearly always in evidence. 

These differences arc the determining factor sn the development of 
denudational fumt^ 1 he sculpturing of which depends upon the relation¬ 
ship between whai as occurring on the surface of slopes ami that along 
water-courses, Hearing this in mind, trmivn. as generally midEmood 
here, if, the mechanical action upon a rocky substratum within the path* 
of moving media and brought about by them' tyttasitm denote* the ana- 
logout processes that come into play beneath material migrating *puru 
Ufieotudy* unaffected by any moving medium. So we a hall speak of 
erosinti by wind, water and kc; and we shall not accept A. Grund's sug¬ 
gestion of extending the term eortarinn m include the process of solution 
and its results, speaking of karst lands a- eorrasion landscapes 1 ™ 


4, CLASSIFICATION OF THE REGIONS 
OF DENUDATION 

Any particle, whether it be of w ater, ice or rock adhering by its own 
weight to the surface of the earth, and on an inclined *i 1 list ra (tiro, tends 
to move by the shortest possible route towards a near-by depression. 
To begin with, the parti cleft arc distributed all over the surface—falling 
rain nr snow, and the rock derivative* that have everywhere been 
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loosened by reduction — and as first they move along over its w hole areiu 
At certain places on the way, the paths of neighbouring particles unite to 
fufm strands of movement, os can be easUy followed in the cast- ol ran- 
tills^ water and been shown to occur with cumulative masses of 

moving material. These form the signing points of fitreams w hich 
naturally become more and more dearly defined dow n slope, and tend to 
deepen their beds, Itt ihh way alt tkt pmmu f by which rock waste u 
removed developfrom sheet to linear processes,. and then to definitely directed 
courses. With this their effectiveness changes. 

In the first place* transport of solid rock particles, whether spon¬ 
taneous or brought about by rain wash, can take place only when these 
arc completely freed from the solid rock, and never faster than the rate 
of rock reduction. Such regions of pure denudation are found always on 
the upper parts of slope*- Lower down, the weight of moving material 
increases, does ihe vulutne of water ruiuiing otf + so that in addition to 
i he denuding act son there is must and mure corrasiotu ur erosion, w the 
case ni.’iv be. As die water collects into definite streams, erosion be¬ 
comes mure and mure noticeable until it is unquestionably predominant* 
although there i* not an entire absence of denudation. For ruck is no 
mote immune in reduction when in the bed of running ur wen trickling 
water or when beneath moving ice, than it is beneath a subaerial stream 
of moving rock waste. The material loosened* may he at low water or any 
other period when there is slackening or a pause in the movement, is 
soon carried away. Hut the relationship of ruck reduction to I he two pro¬ 
cesses or eurrasion and erosion b very different, I he intensity of cotta* 
sion Can never exceed that of reduction to any considerable extent K since 
it depends essentially upon the preliminary work done by this. Erosion, 
hovitver, can be so intense that no time w hatever is left for rock reduc¬ 
tion to take effect .This is particularly true in the case of running water. And 
plain- why it so extraordinarily powerful as a sculpturing Ligrni 3 * n . 
Consequently it is possible lu separate places where denudation pre¬ 
dominate* from those in which Corrosion md erosion are more impor¬ 
tant. Surfaces of slopes bdoAg to ihr first group, incised furrow s to the 
other. Transitional form? link them, since in both case* rock reduction * 
transport, and mechanical attack on the rocky substratum art at work. 
Mechanical attack increase* downstopc and b dominant in the erosion 
furrows. The zones of tram trim between the areas of denudation and 
those of comsion-erosion arc found on the tow parts of slopes, espe¬ 
cially near valley heads. Down-valley there is ever increasing coucentn- 
limt of ruck waste and uf water along the paths of movement streams 
dr velop. and the contrast bccumessliaipcr between the lines of corrosion, 
urof erosion (as the case may 1 h=), and the tributary surfaces of deniuhi tun. 
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Even when wulcr talk all over a eurfaecv it is only exceptionally and 
for short stretches lhat it fkm as a sheet. !i soon divides up into a 
number of nils. So complete is this facility for moving along lines that 
the regions where cotmion prevails do not entirely coincide with those 
of erosion* which stretch hack beyond them into the 20nc where denuda¬ 
tion predominates. The sides of the erosion furrows tliat are there de¬ 
veloping form new surface* of denudation;, no which the ran-off water 
once more finds the reijiiisite conditions for erosive downcutting, etc. 
This dissection by valleys brings about further and further subdivision 
of the areas of denudation; and, other things being tqunL this increases 
with the passage of time. The result, however, h not to contract the 
areas undergoing denudation, but to enlarge them; since for a given area 
the number of wetitted surfaces becomes greater. At the saint time Lhe 
network formed by the linear crosiona] tracks increases in iiiicc a* it 
becomes most closely meshed; and su the sum total of ruck surface 
idfrctcd by erosion is greater, 17 m* primdtd z/rnr if m thunge in other 
conditiom* it nnrifurily follows that, fa 1 a guru district^ the total amount 
of denudation iUi**mplishrd in unit time inmasa with itt utbditisiwt (la. 
with thr mere me of mrfat? expand to dmudathw). 

The rate ai which i 3 iis fitihdh^im progresses depends upon pre¬ 
paratory work i hill differs somewhat in various regions. Continuous 
vegetation impede* rain wash and incision by running water, confining 
this ti> places where the plant cover in less vigorous or interrupted. 
'Hierefore, in our hiihides, erosion furrows do tint as a rule reach back 
to the uppermost parts of slopes nor to the extreme nullifications nf the 
valleys. The same holds for arid regions, where the precipitation is too 
slight or occurs too seldom for the crosional activity of running water to 
have any lasting effect greater than that produced by mass-movement. 
In both case* there develops lies ween the district where denudation is 
dominant and that where erosion prevail* a nunc of strongly marked 
curraainn, especially in the ncigidmurhood of valley heads (the zone of 
cnrraiiion valleys), It is not 50 well developed if the vegetation is less 
vigorous nr sparser, for then regularly recumng precipitation, even 
though scanty in amount, can act directly upon the bare soil Scmt- 
humid and semi-arid lands arc the domain of rain wash arid emblem hv 
running water; and. if the water from snow mdt is included, so i* the 
sub-polar zone. In such region* erosion furrows usually w ork right hack 
to the valley heads and almost to the tups of slopes, unless infiltration in 
m excess of run-off H as Lji landscapes of very low relief.. 
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5. BASK LEVELS OF EROSION AND 
OF DENUDATION 

Water can degrade only so long as it h flowing, When it ceases m flow, 
erosion of the land cannot continue. Thus an absolute lower limit is put 
to the removal of material by running water This is the hast level of 
erosion ^ T . in Kgioni sloping down continuously to the sen* this coincides 
with sea level: and in regions of inbis J drainage coincides with wim are, 
for (he time being* the lowest depressions of the land. Like all the ana¬ 
logous dements which control the dow nward movement of gravitational 
streams, the base level of erosion is not an actual surface, nor j point h 
certainly not a visible form T but it is a IrveL 

The absolute base level of erosion, as defined above, is the ultimate 
hut not the only level which regulates the work of running water, bur ihc 
Neckar country, the behaviour of the absolute base level of erosion, the 
North Sea. seems to be of fiO consequence. The effect oi its fluctuations 
reach scarcely as far upstream as the Rhine Rift \ alley. W hut rivers do 
there is realb determined by what ia happening in the Rhenish Schiefer- 
gebirge. Similarly, this work of rivets in the Neckar country is controlled 
tint by the position of the absolute base levcL hut primarily by move¬ 
ments of the Odemvald block, and then dfirt by those of the Rift V nl ley. 
The Da mi bian drainage system presents exactly the same picture. The 
relative rise of absolute base level at the Danube mouth not the 
governing factor for the river's work where if breaks through the Banal 
Mountains; and its influence does not reach as far Up as the Hungarian 
Flam* let alone into the Alps. To take a furl tier example. this lime from 
an arid region, the Abauc*n~Troya system in north-west Argentina 111 , 
which ends in the Raison of Andolgak. The behaviour uf this absolute 
base lei cl of erosion fmi no direct influence upon ihe river s W’ork in the 
raiL’lies Further upstream where it breaks through the mi junta ins 5 nor in 
the depressions cnmJ by its middle and upper course (the Robsons of 
Copacabana md Fiambali respectively) What happens in these depres¬ 
sions is of immediate importance only for rivers working on the sur¬ 
rounding slopes, and 15 not the only direct influence determining the 
behaviour of the Troy* river which, coming from outside, breaks 
through these slopes. 

The controlling levels that regufah river of linn in the reaches immediately 
upstream art asmiatmd re ith places tthere the itremm leave u tectomealfy 
uniform black, anti enter an adjoining onetchteh has undergone tome different 
movement, aim due to endogrttetic causes. These are the general or immediate 
base levels of erosion. It is common for such levels to recur mote than 
once m the course of large rivers of the type quoted above, and all are 
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ultimately able to work back to the headwater region. I has, considering 
the northern part of the Eastern Alps, the level of primary importance 
for wafer-courses is where the Alps meet their Foreland, which has keen 
moved in a different fashion. The level of next importance it that of the 
basin above the Danube's first transverse break through the Carpathians, 
near Press burg [Bratislava]; then comes that of the break-through itself. 
However, repercussions of the Danube’s break through the firan 
[Essrtergom]-Budapest zone of uplift are not felt as far upstream as the 
Alpine Foreland, but the depositional zone of the Sditittmaeln [Yelkv 
ostrov 2itn£] lies between this and the break-through at Press- 

burg. 

The only cases of coincidence iwtvvcen the immediate and the absolute 
base levels of erosion are where the slopes of tectonically uniform blocks 
drain directly to the absolute- base level—as for instance on the southern 
sides of the Eastern Alps, the Maritime Alps, the Ligurian Alps and the 
outer slopes of the Dinariu Alps. etc., or where the slopes surround tog 
basins of inland drainage do so. 

The immediate base levels of erosion are, like the absolute ones, not 
fixed but fluctuate; they rise and fall in relation to the denudation areas 
above them. The causes of this and the re percussions »n the work of 
rivers will lie discussed in a later section. 

The prerequisite for any work by running water is the existence of a 
gradient; and so the general principle obtains that no part of a water¬ 
course can tie permanently deepened below the level of tile point next to 
it downstream. Thus each point is a base level of erosion not only for its 
adjoining point upstream, but for the whole reach of river upstream, and 
whatever happens to it will influence the whole course of events above. 
Among the infinite number uf points connected in accordance with this 
law. print# which, ranged together, make up the lints of the drainage 
net, some coincide with distinct levels which are termed total butt far!* 
of notion. These are of two typo. Otic kind is situated w here smaller 
water-courses empty into larger ones, and thev mark the level down tn 
whkh-apart from the point or confluence itself—m> part of the tribu¬ 
tary course can be deepened, far Iks rink below it. These local base 
levels change, on the whole, in a vertical direction onlv: they sink rela¬ 
tively to their surrounding!. *1 long m erosion is raking place, and they 
rise when deposition occurs. 

The second group of local base levels of erosion is found within 
[otherwise] uniform stretches of a river's course and consists of*rr«Ar of 
gra&ttf. These levels separate sections with a steeper gradient from those 
above or below which possess a center slope. Associated with them ts □ 
fundamental change m the intensity uf river action Thev are nor fixed 
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in position, but migrate upstream; and this, as wdl as their variety of 
origin must be considered in detail Later. 

The base levd of erosion is not some morphological dement special* 
as it were* to running water; but all grm:itori<mat streams , t streams the 
material of which adheres to I he earth's surface by the force of gravity, hate 
in the downward direction a fixed relationship to analogous The 

effectiveness of mus ing ice is also regulated by a base Levd of erosion at 
die place where the glaciers end. This is the lower limit of ablation, or 
die place where ice flowing into standing water or into the sea is lifted 
from its substratum. Ln soda a case the base level of erosion for the tec k 
submarine, 

[tut mart- important than ail, the course and the effects ot mass-mnt c- 
mentj which next to running water takes the lion's share in shaping the 
land, are regulated by the existence of levels which correspond in their 
essential character arid behaviour to the base levels at erosion* and may 
suitably be called has r levels of denudation* Surprisingly enough this fact 
has su far been completely overlooked. To clear our minds on the matter, 
it seemed desirable therefore to begin by considering what is already 
known about the relationships of base levd* oi erosion. 

The major fundamental fact is that any kind of denudation over a 
whole surface, by mass-movement or by rain wash, can take place only 
so long as there is a gradient along which the rock derivatives can be 
moved away. It thus directly follows that no point of a dope can L« 
deepened* i.c* denuded. Inflow the Levd of the actual point next bdow it. 
Each point of a slope is base level of demuhuiun for the whole extent of 
the slope lying above it in the direction of ihe inclination, and its beha¬ 
viour determines ihe development of the inclined land surfaces above )L 
Tb take an example: Should there outcrop on a slope a zone of rock so 
resistant that compared to its surroundings of different material it is 
practical!v undetiudcd-, this zone forms for all further development the 
level below which the slupc cannot under any circumstances be denuded, 
it therefore always forma die foot of a slope which is constantly losing 
material* Liecoming denuded and consequently flattened. 1 lue resistant 
isaiie P with regard to which ihe flattening OCCUT*, is tile base level of 
denudation; and in the end it forms ihe lower margin of a slope with 
such a small gradient that further denudation, whether Ln* ma^-movr- 
mcm or numva$h, ceases. 

The general base lecels of denudation lie at the place where mass-move¬ 
ment ends, and with it sheet denudation (including corrosion). Tiffs is 
along ihc lines of perennial or intermittent streams. As these do not 
mark out one level, but a* infinite a number of levels as there are points 
composing them, the general base levels of denudation art systems of 
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tun m, identical with iht gradient curt ns oj tin 1 water courses. Their rela¬ 
tive position changes with the development of the latter. When the 
absolute base level of eftttiuti is fixed, and die water-courses on a station- 
ary bh>ck have adopted their final gradient curve, the gene rut base levels 
of denudation also assume in each case a lived, final position. They then 
form the lowest possible limit below which not only can no point of the 
tributary slopes be denuded, but which only their lowest edge, the foot 
of the slope* can reach 1 ?tt . From every point on such a drainage net, at its 
theoretical final position (PowelFs base level uf erosion), there arifin 
flattened slupcs of a minimum gradient; and on these mass-movement— 
or denudetiu m by rain wash where the climate is duitable—ts just no 
longer possible. If auch a *ct uf ikttbh furm* is called artcnd-pciicplanc, 
it is perfectly ubviotis that it can never be an actual plane, but must be 
undulating country with flatfish valleys and with j general fall in the 
direction of its own base level of erosion* 

The generLil base levels of denudation and of erosion coincide when 
the surfaces that are being denuded rise directly from the eroaional base 
levels. At such plates, since sheet denudation is directly atTcctcd by the 
I alter, their influence on that denudation is quite different from when it 
is exerted indirectly through the drainage net. p f*hese differences become 
apparent on making a comparison between those ib[>es of broad anti¬ 
clines which look directly towards the broad syndmes and. the slopes 
Leading down to erosions! valleys within the same anticlines, They have 
often been described— in the Basin Ranges, in the Argentine* in -Asia 
Minor, in Central Asia, in the Balkan*, etc.—and we shall return later to 
the interpretation of them. 

It is not everywhere, however, that (hr base levels of denudation co¬ 
incide with those of erosion and the crasiotutL tracks. 1 har independence 
of the Litter becomes evident, for instance at those very many places in 
and regions where mass-movement, even in ns lost ouLiving portions, 
does not reach as far as the lures of the intermittent streams. This same 
Ijck of dependence, w hich demonstrates the funtlianetl independence af 
the bet tr Iritis of denudation, is especially dearly visible in scarp lands* 
['he devdupniem of penc-planes on the scarp ^ummih, like that uf the 
broad ledge* in the higher parts of the Grand Canyon (Colorado), s 
related to outcrops uf rcsisianL bed* «f rock at a haver level, and not to 
the banka of the si reams incised deep down below. These are examples 
of bed base levels of denudation, conditioned by structure. All over the 
world it is by no means, uncommon to find that uplifted older and flatter 
Landscapes are separated from their former base levels of erosion by the 
interpolation of younger steeper relief. They continue to develop, not 
with reference to the base levels of erosion from the influence of which 
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they have definitely removed, nor yet with reference to the doors of the 
rejuvenated deeply incised erosion valleys, but with reference 10 the 
break of gradient which separate* these uplifted Land forms from the sei 
of younger ones now dissecting them. 

sli a general rah, local has? leviis it/ dmudatim arc repram ted by 
breaks of gradient* These breaks separate different systems of elopes, tht 
denudation of which b related la ditfenmi levels, Tims, that of the 
higher* wider part of the Grand Canyon is related to die upper edge of 
the steep sides of the inner canyon; and these steep slopes to the 
Colorado River itself. With the break of gradient comes a change in the 
angle of slope; the break divides steeper from gentler parts of the de¬ 
clivity, and its angle is concave or convex according to whether the 
steeper systems are arranged above or below it The local base levels of 
denudation thus coincide w ith either convex or concave dements m the 
land Forma: ll^iJ ihdr behaviour—like that of the analogous base levda of 
erosion—varies accordingly, 

Urum the moment it arises until it disappears, each break of gradient 
forms the lower edge of a slope for which it provides the base level of 
denudation. So long as it lasts, the denudation of the slope, lying above, 
takes place in relation to it H That is the essence of a base level of denuda¬ 
tion, Thus this base level and the correlated slope above it are one sys¬ 
tem, If> speak of farm systems [slope units* J and say: breaks of gradient 
separate different form systems [slope units]. The difference has its 
visible expression in the relationships of the gradients and depends upon 
the intensity of the denudation which p oilier things bring equal* in¬ 
creases with the inclination of die slope, The steeper the slope, the 
shorter the time required to bring about the mobility necessary for 
transport of the material, and the quicker the renewal of exposure (pp. 
b£-72,78, 85), i,t' r on the whole, the more material removed in unit time 
from t he whole of the uniformly inclined surface, 

t* Term i»oJ by J, Ke***.] 
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CHAPTER VI 


DEVELOPMENT OV SLOPES 
I. GRADIENT AND FORM OF SLOPES 

H q W base levels of denudation tome into being and disappear 
is, really the same question as that of the origin and development of 
the slope* which, grouped and combined in many different ways, pro¬ 
duce the denudational forms found at the earth's surface. VYhat has been 
observed 10 late place, away from the actual lines of water*courses, 
perennial or intermittent, and the way in which it follows definite laws 
(see Chapter III, sections 4*9) provide all the (support needed to make 
this absolutely clear. Rock material becomes more highly mobile the 
further the process of reduction has gone (the longer it has beet), at 
work); and it has been definitely proved that the more mobile the 
material on a given slope, the less the gradient of that slope need be 
before the material can only Just move away. On gentle slopes, therefore, 
the intensity of denudation is less than on steeper ones: 3 much longer 
time must elapse before the material is reduced to such a degree as to 
become unstable. Where tva*r horizons of the soil, forming relatively 
ijuifkly (on steep slopes), are set in motion, renewal of exposure takes 
place far more rapidly than where only the upper horizons, which take 
much longer to develop, are moving Ion slops of a proportionately 
slighter inclination). What matters is [i.e, this renewal of exposure de¬ 
pends upon] the rale of formation of the yppermosi horizon of reduc¬ 
tion, the one which is at that time lying freely exposed. Other things 
being equal, its exposure is everywhere the same. On a given slope it is 
the first part that can no longer hold in place, but must move oft as soon 
as the requisite mobility is attained. The rale at which it is formed gives 
the intensity of denudation, As the topmost layer moves away, the profile 
of reduction below it sinks to the same extent into the previously un¬ 
attached rock. On a slope of uniform gradient and equal exposure, a pro¬ 
file of reduction is formed which shows everywhere the same develop¬ 
ment and the same thickness. In the same time that the up pent tost 
horizon of that profile has taken to acquire the mobility necessary for 
migration, a rock layer of the same thickness throughout has become 
reduced. At the close of a further equal interval of time, a further layer 
of rock, again of the same thickness arid of equal thickness at every part 
of the slope, passes over into the reduced form. 
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What has iijbi been recapitulated holds true only on the assumption 
that the zharaner of she rock is everywhere the Stitne* It is true for each 
rock just as rock, hut each behaves in a special way as regards reduction 
and becoming mobile, and so, other things being equal, Irak an intensity 
of denudation peculiar to itself. Hearing this in mind, our investigations 
will be made finsi of M on the assumption that all the rock* have like 
same character. 

Denudational slopes present rven degree of inclination, from those 
scarcely to He distinguished from the horizontal right up to qo— 
leaving aside cave? and overhanging eras?. Because ot the limitations of 
mck stability, normal gradients are less than 45", anything steeper than 
this being quite exceptional, ] lowever* these gradients are not distributed 
over the globe in a haphazard fashion, but by individual regions which 
are often easily recognisable as tectonic units. They have such a marked 
occurrence of slopes with almost identical maximum gradients that the 
average or mean of these is one of the cfcuiratterisiic feature* of that par¬ 
ticular natural region. This long-recognised Fact, which h quite imfcpen- 
dent of the push ion- of the climatic belt concerned and so of the type of 
climate, makes it possible to speak of tmifmmty of relief for 41 district 
meaning by this the total effect of the arrangement and combination of 
all the slopes with approximately the same angle of inclination. T hus t he 
frequently used term ‘Alpine relief' is associated with the idea of the 
steep land forms found in the Atp: and the less steep conditions found 
in the German Highlands have provided the type far 1 Highland forms'. 
Since no association that can be reduced to a law exists between the 
average steepness of slopes and their absolute— in addition to their rela¬ 
tive— heights, we shall replace these tertna by the purely deacriplive 
expressions: 'steep forms—sleep relief' for a set of land forms having 
arverage slops round about ihc maximum gradient for resist am type? of 
rock; intermediate forms— medi sun relief far those with dopes which. 
35 in ihc- valleys of the < jcnnan Highlands, reach a stcepnes> approxima¬ 
ting to that of basal slopes*; and 'Hmrish forms—pieplants'1 for land¬ 
scapes with slight gradients throughout (see I Mute I, illustrations s. 2 
and j) lT1 . It must be borne m mind, though, that we have not gamed 
more than a means of making ourselves understood. For although these 
three form -types are often actually tu l>e i^en os characteristic features, 
and although they can then lie recognised without any ambiguity 1 " 1 , they 
arc yet merely types of relief chosen out of an infinite number of members, 
of a mmitiom! series; round them can be grouped similar type* w hich 
hi* impossible to d rmarcatc from one another except bv ,iL-rt ring to take 
iptidlk limiting angles For the mean gradients. 

I* s « jdo&san.; and pp. *351 [t See gtimry ) 
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Within any one relief type characterised as a unit, variations in the 
angle of gradient do, then, occur in individual cases: but, as has been 
repeatedly stressed, these differences are due to differences in the resis¬ 
tance and attitude of the rock 17 ®. They are details fitted into the general 
type without effacing it. 

One greaL problem presented by denudational forms is the wav in 
which slopes of uniform gradient are associated together in definite limited 
regions. The second relates to the/orin of the stupes (see Hate 11, illustra¬ 
tions t, 1 and 3 ), The slope profiles are convex, ur concave, <K'cumng as 
continuous curves or divided up by breaks uf gradient salient or re¬ 
entrant; or ebe they may be stretched out into an approximately recti¬ 
linear course. These various forms, too, art not distributed haphazard, 
hut arc arranged in a regular fashion Examination of the slope profiles 
on the upper parts of the German Highlands or the Scarpknd pene- 
planes, shows them to be ermattw throughout. Comparison with the 
steeper slopes on their sides, Cc H those of the younger valleys dissecting 
them, shows that these latter generally liave convex profiles. These are 
examples of a rub which is world wide in Its application and indepen¬ 
dent of any climatic peculiarities. Wherever a younger, steeper set of 
land farms separates an older upraised landscape from it- former base 
level of mafim* the slopes of the older forms are always concave in pro¬ 
file, and the younger forms dissecting the highland characteristically have 
convex or straight profiles, although concave ones may occasionally 
appear. Throughiml, the convex and straight profiles are associated with 
zntm where there has been vigorous erosion. Abo, m broad outline, the 
distribution of the various forms of slope follows an unmistakable 
arrangement, it appear* that the form associations with convex slopes 
are most typically found in the two mountain bdu, and that they occur 
less frequently on the continental massed Hundred* of thousands uf 
square kilometres on the Canadian Shield, between the Guianan and La 
Plata, between the mountains of the Atlas and the Cape regions, retain 
the stamp of concavity on their slopes, although otherwise these vary in 
respect of steepm-ss. Typical inadberg landscapes belong to thi^ group. 
There U nothing like it in the mountain belt*- It is lrue that on the sum¬ 
mits of the chains similar relief types, the uplifted hill Country and penc- 
plancft already mentioned, do occur extremely frequently; bui there arc 
immense spaces from which they are absent. This large-scale distribu¬ 
tion is, naturally, not due merely to chance. 

However, in the mountain belts and indeed wherever the slope corre¬ 
sponds to the maxi mum gradient for the rocks concerned, convex slopes 
are replaced by what are an the whole straight profiles. They find their 
pure* expression in the steep relief of mountains which escaped Pleisto- 
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eene glaciation, whether these are covered with tropicaJ virgin forest or 
belong to arid regions. They arc also very common in the Alps. Never¬ 
theless it must be stressed that straight, slope profiles arc not a peculiarity 
of steep relief, hut also occur with medium relief, 'T hey are the rule for 
sharp Y-shaped valleys of the Type found incising tile Muschdkalk or 
the Malm of the Scarp lands. They often develop in landscapes where 
crests-lmes are formed by the intersection of slopes; and tile steeper the 
slopes, the sharper the ridge crests, while with gentler slopes they are 
less sharp. The Badlands are among die areas providing excellent ex¬ 
amples of this—as also of convex and concave slopes (see Plate 111 . illus¬ 
trations i, 2,3). 

When two or more surfaces cut one another, lines uf intersection or 
points of intersection are formed. Theoretically, slopes which meet at 
their upper extremities slum Id, irrespective of their steepness, rise to 
sharp linear edges or sharply pointed peaks. In nature this is not an. On 
the contrary, the zones of intersection me always blunted and broadened, 
the more so the gentler the slopes concerned. This blunting and round¬ 
ing is a characteristic of intersecting slopes: these arc flattened near the 
place where they meet, no matter what the shape of the remainder 
whether steep or gentle, and irrespective of the type ot rock and type of 
climate. The flattening, however, cannot continue to an indefinite 
amount. It is never very great, and is obviously dependent upon the 
gradient, diminishing as the steepness increases. Consequently the 
degree of sharpening of the zones of intersection most distinctly in¬ 
creases with the gradient of the slopes that are meeting one another. 

The upward round 1 rig of convex slopes is evidently part of the con¬ 
vexity itself 1 With concave or straight slopes, on the olher hand, it is 
obviously an independent problem, since here the rounding-off of the 
/ones of intersection signifies a deviation from the given fomi of the 
slope, 

G, Gbizifiger thought dial in this flattening from above he could 
recognise the process by which a ridge of ever-increasing breadth and 
flatness was produced from a sharp edge 174 , and It. Gradmann in his 
derivation of scarp land pcnephinc* starts from similar assumptions 174 . 
This view cannot be correct since— as Gradmann himself recognised — 
it conflicts with the phenomena of valley deepening. Got/inger Jos not 
yet seen this difficulty, but it is shown by direct observation, A rock wall, 
subjected To denudation, retreats backward* upidope, and a gentler de¬ 
clivity, the basal slope.* is seen to form at its experts and to grow up- 
dope by die same amount as The cliff vanishes 114 . If such cliffs arc en¬ 
tirely destroyed, the basal slopes inter in a sharp edge, us may be excel- 

* Haldtitrha*t%. 
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lent ly seen at the PaUmaaud [1 ^rve ; !.i F avaredo] (Drui Zinnen [Trc 
Cimi rfi Lava redo], Dolomites). and this forthwith experiences that 
definitely limited amount of rounding which has been mentioned 
above 1 ”. The gentler slope, that replaces ihe steeper one, thus develops 
al the font of the latter: and the flattening of the land progresses from 
below upwards and not in the reverse direction. Phis fact has not 
escaped G. Gdiainger in so far as the development of dills, i.c, steep 
forms, is concerned. But in hi* derivation lie jump , toaconjcltislun which 
cannot he justified by observation or in any other way, taking it for 
granted that, ai further development occur-, the flattening all of a sudden 
takes place the other way round, viz. from above downwards. If rounded 
ridges did arise in that way from sharp edges, and flatfish forms of con¬ 
vex curvature from such ridges, then it would have tn lx; assumed that 
denudation was always working more rapidly on the flatfish ridge sum¬ 
mits than on their steeper flanks. This cannot possibly he expected of 
Mature, os is obvious, and as was stated years ago 1 T *, Rounded ridges 
with convex profiles, such as occur in the Wiener Wald, can never arise 
from sharp edges. Only the reverse is possible. On* of tile objects of the 
following sections will f ve to show that this is tile cose, 

a. FLATTENING OF SLOPES* 

Concave Base Levels of Denudation 
A steep slope, say a cliff of homogeneous composition and uniform 
gradient, rising directly from a non-eroding river, constitutes a form 
system f [slope unit]; and its base level uf denudation lies at the water 
level uf the river (I in, the profile, figure a), 'Hie whole surface of the dirf 
has the same exposure ami succumbs equally in every pan to the process 
of reduction. In Unit time a superficial layer of rock, of a definite thick¬ 
ness the same everywhere, is loosi-ned and removed. The method uf 
removal is that loosened particles of rock crumble away and fall down. 
For this to happen the gradient must be too great to allow the little 
pieces of rock, just loosened by weathering bin not further comminuted 
and reduced, to remain at test. This gradient is available for each unit of 
the rock face except the lowest, which is adjacent in the hose level of 
denudation. At the end of time one, therefore, this alone has not been 
taken away. There i* no change in the steepness of the cliff, but it ha* 
retreated from its original position f-i (in the profile) to the position T-a, 
Beneath it there is a ledge left. Such ledges may also appear temporarily 
in the middle of the rock face as a tiny piece x breaks off. The pan of the 
diff immediately above is then deprived of its support It is unde rent 
|*Se*iw«on p, 120 1 [f s™ P , ] fbr definition.) 
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And further breaking away is accelerated, The ledge cannot, however, 
maintain itself* for by the end of the first 11 nil of time the layer fx below 
it has also crumbled away, even before reduction of the more rapidly 
exposed rock face above x (x 2) has loosened new material and prepared 
it for removal. 

This same process ts repeated in the second unit of Time. Hut only that 
pan of the mck face above the kdge t z f can be weathered back in the 
allotted time; and once more the lowest particle (3'-3') is without that 
same [necessary] gradient at its disposal, he, it has noL in the immal 
acquired the mobility essential for movement on the much smaller 
gradient The rock face move* into the position j'-j, in the t hird unit of 
Lime it retreats in 4’ 4, and an on. If sufficiently small units are taken. wc 
come very near to the actual process, and the exceedingly smalt ledges 



/ 2 \ z*-$\ j +\ and so om combine to give a ccuuimmus alnpe of uni¬ 
form gradient (f f'), 

1 his b the baud slope* along which the broken fragments derived 
from above slacken their pace, to migrate further in free, cumulative 
nuiss-movcmdnT, provided that conditions arc suitable for their accumu¬ 
lation (»c Plate IV. illustration t) t 

The following statement may therefore be made: A strep rock farr left 
io itself t mmes hack up slope, mainlmmng its original gradient ; and a hum! 
shpr 0} lesser grasSmt develops at its expense. Should the clilf culminate 
in a sharp edge, as is assumed for fig, a, thin edge is Inhered to the same 
extent m ihe rock face recedes; tt move* from r to then in ], and sa on. 
After the tenth unit of time,, the steep rock face would be gone, and in 
place of the precipitous ridge there would be a lower one where ihe 
gentler basal slopes meet. If. on the other hand, the cliff face h the scarp 

* NrttiirHhtttte . 
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of a tableland, it would not disappear dll after a longer interval of time, in 
the figu re ahou i the twenty-second ti me unit; and the steep drop won Id then 
t*e replaced by a gentler slope (f f M ) with the gradient of a basal slope, 
After time one, the development of the cliff face is no longer related to 
ihe river level i, hut to the concave break of gradient which separates it 
front the basal slope. This break of gradient is the hast W of d&wdaticm 
until the disappearance of the rtcedmg cliff face- A netc slope mil* the basal 
slope, is interposed between it ami the rh er level. The upward g^mth of this 
is determined by the rate at w hich the rock of the cliffftire it reduced* i t, by 
the development of the steeper, higher slope twit, the special development of 
which Teas in the first instance related to the position of the river. tVfialetcr 
may happen to the bam! slope, whatev er fate may befall its fewer end. the 
development of the cliff face is unaffected by it. This has become independent 
of the general base AprW of denudation, and what ensues is related to a nnp/y- 
formed local hose level of denudation. This itself* as time goes m, moves up- 
slope. and vanishes only in the topmost parts tthen the higher slope unit hen 
been finally rental ed ami its place taken by the next foei tr owe. 

From its first appearance, the basal slope develops independently. 
*incc the ruck on it, too. is being reduced. Here, bdwever, the mere 
loosening of pieces of rock from the general fabric is not enough to pro¬ 
duce denudation, as it b on the steep cliff Face. A Far greater degree of 
reduction, Lc. far greater mobility, is required for rock derivatives to 
migrate on ihe very much smaller gradient, and For thb much Umgcr 
periods of lime arc needed, The development of the basal slope is there¬ 
fore very much slower; hut n proceeds in the same direction as that nf 
the cliff face above. 

It is still being assumed that die rock is nil of the same composition 
and also lias the same exposure.* In unit time a layer of definite thick- 
everywhere the same, is loosened from the basal slope. But it is 
only whets a multiple of that unit time has elapsed that ihc loosened 
material Is sufficiently mobile to migrate spontaneously, Thb ocettrs lis 
soon as there is a definite degree n\ reduction, Lc, a definite mobility of 
the rock derivatives corresponding to ihr gradient as it then b (p 71). 
In other word?: if, after a certain period of rime, the rock mate rial 
derived from the basal slope attains- a certain mobility, its downward 
movement on the eristitig gradient is inevitable. That length of time is the 
unit by which the rate of development of the basal shpe is mentored + 

At the end of the time unit just defined, a layer of rock, of a definite 
thickness, the same over ihe whole of ihe basal slope, has lyeen dtanged 
into a sufficiently mobile form; and during that Lime the rock particles, 
one after another, all quit their place of origin* 74 All, then, move down 

1* Seepp, 36, $t -| 
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except the lowest, that adjoining the arncra! bast level of denudation (t 
in fig. 3), since it is the only one not provided with the requisite gradient 
for movement. Still maintaining the same inclination, the slope now 
moves from the position t a to 2-2. 1'he same tiling is repeated during a 
second interval of equal length 1 *". The rime available, however, 
docs not allow all the rt>ck particles of the new slope 2—2* to migrate; for 
again the lowest (2'-3') ban at its disposal not tltc same gradient as that 
for ul] the particles above hut a mullet one, one hr which the dtstree of 
mobility so far acquired is insufficient m permit of migration along it. 
Tin: slope moves into position j’-j, and itftvr a third unit of time it 
would reach 4.-4, and so on. By malting sufficiently small the dimen¬ 



sions considered, we come near enough to reality, and lind this slate of 
affairs: below the Inisal slope there is forming .1 new, flattai*d-out slope 
of gradiem 11 \ which grow* at the expense of the former, and at the 
same rate as the has.)I slope is beingdenuded. M<er the first uni' of lime 
(as defined above), the basal slope no longer develops with reference to 
the general hast level of denudation, hut with reference To the concave 
break of gradient at 2 \ and to that at 3', 4' ■ etc., which, until it 

disappears (in the diagram after time twenty), separates it from the slope 
of diminishing gradient* below. The break of gradient ia the local base 
level of denudation fur tlie basal slope, and it moves upslopc from the 
edge of the river. 


* AhAaihutizdirtiTs. 
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Thert h no need to trace further development in the same detail 
Below the slope tif inclination 11 \ another stilt Hauer slope unit 11 " 
develops. This begins to form immediately the slope above it has ap¬ 
peared. .md continues to do so by the same amount as the iattcT retreats 
from die edge of the river. Between these two there appears a fresh con¬ 
cave break of gradient, a till more obtuse, and die speed with which it 
mnvts ups lope is determined by the intensity of denudation on slope 
t f 1 . The value of this is but small, on account of the slight gradient. In 
the diagram (fig. 3J the youngest, flattest slope is not perceptible till after 
the eighth unit of time—1see slope position t JX—and even after the 
twenty-seventh unit the lowest break of grad ten! has only reached point 
t ". By !hcn, all the other local base levels of denudation, which separated 
higher, steeper slope units, have disappeared. 

It is now quite clear that the process obeys .1 law; Flattening afsloprs 
tfhoayi takes place from Mow upwards. However, it is not simply a 
matter of the slopes becoming flatter; but nf new and ever flatter slope 
unit* perpetually appearing at the general base lev el of denudation, and 
grow ing at the expense of those above. They do this more rapidly, the 
Steeper these arc. Kindly they replace them: bui up tn that time they are 
separated from them bv concave breaks of gradient. These, until tht- dis¬ 
appearance nf the slope units belonging to them, act as local base levels 
of denudation. They always originate at river level .til along the drainage 
net, at the general base level of denudation, and from there they move 
upslupe. The rate at which the flatter declivity extends upwards, at the 
expense of the steeper slope unit above it. is determined by the rate of 
denudation of the hitter. The measure of this, in its turn, 4 that of the 
rate of reduction nf the rock; and is. indeed, the length of time required 
for that process to get ready reduced material of the specific degree of 
mobility needed, in that particular case, to make removal riom the gi ven 
slope just possible—thus making migration inevitable. Since the pre¬ 
paration of the more highly mobile material is proportional tu some root 
of the duration of the reducing process (p. 51), the lower, flatter 
times, which appear later, develop more slowly than the older steeper 
ones found above them. Development is most rapid when cliff faces are 
bring pushed hack and replaced by Upward-growing basal slopes: these 
btier arc replaced much more slowly by the slope, 0 f diminishing 
gradient which are developing from below; and the slowest replacement 
occurs in that slope unit below which is the slojw having the greatest 
p*sihlc flattening and smallest gradient. This undergoes no further 
denudation: and transport of material from above can rake place, at most 
to hut a limited extent. T ’ 

To sum up: the process of flattening begins at the general bine levels 
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of denudation, While tht pwitiua 1/ their remains unoittr rd, the et*rr 
fiat inform* that are JiTe/ij/rj#i£ fArtff, 'Jffc ij/iff amtftrr , mtfm/tfiri u run- 
#lrtn£ gradient rt* they r«We. Each successive, IliiLter slope grows Upwards 
at the expense of the steeper one above it* and hring* about its disappear¬ 
ance in the case of the highest parts. Such being the development, it is in 
these highest parts that the steepest forms are 10 be found, 'I"his is the 
picture presented by the German Highlands, amongst other places. The 
last min dike remains of rocky steep-forms are found 1 here—in the 1 l3.r/. t 
in the Fichte] gebirge as granite tors in the midst of uti area composed 
throughout of Ute same Lind of granite. They are perched upon inter- 
valley watersheds which belong to the summit relief 1 *' . Similar features 
may be seen at many places in the Danube valley below Tutlingefa, or 
along the Elbe where ii breaks through Saxon Switzerland. The light- 
culoujxd walls of Malm limestone arc confined to Those slope* of the 
meanders which face upstream 1 **. The cliffs do not come down to the 
river. They are steep-forms originally produced at pfeces where the 
river undercut its banks. But since then they have moved back from the 
water, their gradient unchanged, making room for a basal slope below". 
This behaviour shows tJurt Undercutting of ii* concave banks by the river 
was not continuously effective, but suffered occasional interruption. 
True* of the recommencement iff undercutting at the same places will 
be further considered below, 

A result of the independent development of each individual slope unit 
is that the concave base levels of denudation do not move upwards along 
straight lines continuing the slopes of which they form the upper edges. 
The profile in figure 3 shows accurately the correct displacement of suc¬ 
cessively appearing concave breaks of gradient, this having been worked 
out from the particular values for angle of slope and intensity uf denuda¬ 
tion upon which die diagram is based* Other values might have been 
taken without in any way altering the character of the results obtained. 
It is only qualitative results with which we arc here concerned The con¬ 
struction lias Keen worked out completely only for the first four slope 
positions From it, the break of gradient between diff face and banal 
slope can be seen, a* well ay- the firyt [ric] position.^ z\ j\ 4 . . . x\ of the 
[next] break of gradient, For Uter development* only a few- slope posi¬ 
tions have heen drawn. These show the displacement of the tower breaks 
of gradient of the type 4" . . . x\ z* and t*\ The dope t f* is taken as 
possessing the smallest possible gradient. 

After Unit time. The cliff face has moved back into the position a a\ 
the upwsrd-growing basal dope has reached z r 2. and a slope diminish* 
big gradient 1 1 beginning to appear The base level for the denudation 
of the cliff fact is actually found nut jt a hui somewhat lower at i A be- 
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c4use fif the flattening Jat the bottom] of the basal slope [as it weathers 
back]. The cliff face has been extended a little downwards. After two 
units «f nrnL- : rhe position of the cliff face, the basal slope, and the slope 
of diminishing gmUem are h' b 3, 3-3' an ^ 3 1 f- The base level in ques¬ 
tion is not at b, but at 3; and it can easily be seen that the amount A 3 by 
which the cliff face bus l>cen increased in length es twice the length of« Z, 
The development of flatter and flatter slope units thus causes I lie suc¬ 
cessive positions of the base levels forming their upper limits to he ar¬ 
ranged 1 hoi Ofi a Straight line, but on an arched Curve. If a line is drawn 
through the points 2. 3.4, etc., it shows the path taken by the base levels 
of denudation in successive intervals of time. It b a continuous convex 
curve. This is generally true fur the displacement of concave breaks of 
gradient The curvature of the paths along which they move upsdope is 
flatter; the gentler the gradient of the slope units which they separate. 
For the local base levels marked by the numbers 2\ 3', 4’, the convex 
curvature ihqwingthe path of the displacement h so slight* that—on the 
small scale of the diagram—it coincides with the lint £ 4' for the first 
three positions of the dope* and docs not become visible before its yth- 
lOth positions (/ IX and £ a X \ ]). The lowest break of gradient which 
can develop at ail, and which forms the upper edge of the slope with the 
least possible gradient, is from the outset displaced along a rectilinear 
paih (fi' 1 )* ^ ir below that slope 110 further dope unit of ml! slighter 
inclination is developed, ft already possesses the greatest possible degree 
of flattening; and wide no at the expense of all the slope units, above ti, 
extending Landwards [back from the river]. 

it follows that, tn general: // nothing disturbs the process of ftauming^ 
the concave breaks of gradient me displaced not only up the cliff, but also 
further and further hack into it . The backward working component — which 
would hr absent were rhe k/arr parts of the slope not being flattened —Ar- 
ii tmes of increasing importance at the distance from the general base level 
of dettadafim men tines. Thus it is more effective at the upper edge of 
steep slop? units ikon at that of flatsish ones. This mcam that the htchcr. 
steeper slope units can actually he preserved lunger than if those 
slopes below them were not becoming flatter, and they are removed 
and replaced by Such flatter portion* of the slope only at a con* 
si derail !y greater distance from the river ihan would otherwise he the 
case. 

// left undisturbed, a stupe of any gradient whatsoever^ provided it is uni¬ 
form, becomes a slope system concave m profile. In figure 3, if the dill face 
was originally of the form t 1, then after three units of time it would liavc 
become a t.fope system 1 4 4 r . Further development can easily be seen 

* [heLUL.PH mobility i» plained more iltmly the antler iht Gradient.] 
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from the diagram. It holds sr> long as the general base level of denudation 
remains constant. For inure on tbb T see p E 151 r 

3. UNEQUAL EXPOSURE. ROUNDING OF HEIGHTS 

The basal slope and. to a greater extent, the slopes of diminishing 
gradient appearing below it, arc not only regions for the supply of 
material moving downsterpe, but also regions of transit for material from 
above. When the general base level of denudation remains unchanged in 
position,, material is hound to accumulate on the widening flattened pans 
of the slopes, since here the downward movement slackens. This accum¬ 
ulation is not unlimited, however, as can be seen from inspection. It is 
not only that an increase in weight [ p„ 84)10 associated with the accumula¬ 
tion, but also that with length of time the material is further reduced 
and so more mobile. The ratio of gradient to mobility, which I? the 
determining factor in the movement of rock derivatives, ha* on this 
account the same value everywhere on a concave dope; the slighter 
mobility corresponds to the g mi ter gradient and conversely. This con¬ 
stant ratio is inevitable and is the reason why the Transport of materia] 
coming from .d>ovt factually accomplished on the slopes of diminishing 
gradient right down to time: with like least. Obviously* then, on the flat- 
liah pans of the slopes thicker profiles arc slowed up, and on the steeper 
parts thinner ones move mure rapidly by way of compensation. 

But the accumulation of rubble, which increases downward, brings 
about inequality of exposure [p, ^4), Even when the gradichL is uniform, 
rock reduction goes on more quickly at the freely exposed surfaces; the 
mobility needed for migration is reached mure rapidly than on flattuth 
surfaces covered with mblik, to whatever extent. Exposure is therefore 
renewed more quickly than un the flatter slopes fp. 78). As soon as the 
migrating material has accumulated to same extent* difference between 
the various parts of the dope become noticeable: the upper, steeper slope 
units, where there is nothing in hinder development 1 are differentiated 
fmm the Jower, flatter ones on which denudation is impeded- But if, in 
such a case, the development of newer* ever flatter slope units should Ise 
retarded, then the concave base levels of denudation do not recede up- 
wardx along the strongly tuned convex paths demonsirated in the 
previous retirin' instead, iheir successive positions— in profile are ar¬ 
ranged upon a line which becomes mure and mure stretched out until H 
become* approximately s atmight line, This would mean that the upper, 
akeeper slope units would be removed whilst closer Ui the river, being 
replaced hy the corresponding ilepc* of diminishing ijradictit. The gran 
importance of corrosion lie? in the fact that it Counteracts this process bv 
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once more accelerating denudation, which means renewal of cjij>osore 
and, with this, flatten mg beneath a thicker covering of soil (p_ 112). 

If follows dial lessening of exposure on the lower parrs of a slope sys¬ 
tem does not influence the type of development; hill under certain emdi- 
lions, c.g. when corrosion is absent, inJlucnL.es the rate or development. 
It does not therefore lead to fundamental changes of form. It is different 
in the case of slope units which stand up freely, intersecting in the highest 
pans of the countty, If within such a slope oti>, exposure is greater 
above than in the parts below, more rock material is there prepared for 
denudation in unit time, since reduction is penetrating the depths more 
rapidly. The result is a flattening of the upper, better exposed parts of 
tire slope unit, and this appears as a rmtndittg of (he stmts of inter section, 
rounding of the heights {see Piste VI. illusi ration 2, and p r 78 ). 

With the flattening of the higher parts of the slope unit, condition* 
become less favourable for the migration of reduced material. Greater 
mobility is required, which necessitates a longer period of reduction. 
Therefore denudation is decelerated, and with this, flattening from above 
Is brought to an end. This happen; as soon as renewal of exposure takes 
place at the same rate both tm the flattened |wrt3 of the slope unit and on 
ihc unchanged pans he low. Thai means a balance between the slowing 
up uf denudational intensity below, because of soil accumulation, and 
that above, due to diminished gradient (pp, 64. f>S). Then in equal limes, 
similar amounts of rock material leave their places of origin bnth above 
and below. Hut those above, on account of their better exposure, acquire 
in the same period a higher degree of reduction than those below, where 
the rate of reduction is retarded (p, 54}. This stationary ratio marks the 
limit of flattening from above, a limit which cannot he overstepped, The 
amount of flattening is thus limited, and it directh dependent upon the in¬ 
clination of (he slope, the upper parts of which are undergoing flat truing. 
1“he less the gradient, the greater the flattening; and rit e s eras; hut its ex¬ 
tent remains unchanged, i» long a> the gradient of the slope unit remains 
unaltered- It is thus utterly impossible for broad rounded ridges and 
from them, ultimately, flatthli forms, to be derived from sharp edges or 
peaks by means of flattening from above (see pp, 133 134}. 

Rounding of height attains a strongly marked development when the 
gradient of the intersecting slopes is equal to nr less than that of the basal 
slopes. For only then is the accumulation of rubble possible. In regions 
inimical to plant growth, such accumulation due* not begin (other things 
being equal) until the gradient is gentfrf than that for [climatic] belts 

where the vegetation cover is con tint.. . 'llus accounts for the greater 

sharpness, especially iti deserts, of the rone* of interacction of slope units 
which, if «f similar strepnww in a temperate climate, would dearly show 
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rounding because of dissimilarity in exposure (set Plate VI, ihustration 
i). Where the reduced material h ihnrnughly removed by rain wash, us 
Tor instance in region* of Badlands, it is rtioat striking to find .in altruist 
complete ah sc nee of blunting where die slopes (concave or straight) 
intersect, even when the gradient is slight. Such climatically determined 
differences of form become especially dear when the comparison is be¬ 
tween upstanding ureas w here interacting concave slopes are of die same 
average steepness. In districts of sparse vegetation these* e.g, in write 
are characterised by a sharper concave curving of the foot-slopes ' 1 and 
greater sharpness of the zones of intersection as contrasted with other¬ 
wise similar upstanding areas in humid regions where the foot-slopes* 
are less concave and the heights more rounded. This, however, refers 
only to rocks of the same or similar character. Analogous differences can 
also he found within one and the same climatic zone between upstanding 
masses of very resistant rock providing little debris, and those which are 
otherwise simitar but composed of easily destroyed rock. In the former 
Case the covering of ruhhlc is slight, oilier things being trijiial, and condi¬ 
tions are favourable for renewal of exposure; in the latter case the reverse 
holds. For the rubble cover, which causes the difference in the forin& 
considered above* is always the result of a quantitatin' ratio between the 
amount of rock debris prepared and its removal. 


4 . STRAIGHT SLOPE PROFILES. 

UNIFORM DEVELOPMENT 

If the position of the general base level of denudation remains un¬ 
changed, as was assumed in the preceding section, it means that the 
rivers are neither incising nor depositing. A river working merely as 
transporting agent cannot prevent the upslupe recession of a cliff that 
originally rtuc up directly from it. nor the formation uf a basal slope, nor 
the development of slopes of diminishing gradient appearing jn succes¬ 
sion below that. After some time, the whole slope system — with its cliff 
face above, and its slope of smallest possible gradient below — has re¬ 
treated so far from the river that this now ctlln Only the loose material 
that has rolled down to form the talus heap; after a further period of time 
it no longer does even this. The whole slope system retreats inwards, 
ever further from the edge of the river, so that the higher, sleeper slope 
units in the uppermost parts disappear one after another; the steeper ones 
generally do this whilst they are nearer the river than k the ease for the 
Ratter slopes that succeed them below. The slope with minimum gradient 
t* spreading further and further inward* between Lite rest of the a I ope 

l* See ukwieiry.l 
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system and the stream. Ii is die only one of the slope units that b in this 
way constantly gain Jog in area. 

If the cliff face, or any other slope unit preserving an unaltered 
gradient, h to remain adjacent to thi general base level df denudation, 
the river must erode it, In every unit of lime during which the slope unit 
recedes by its characteristic amount* ihc river must remove that lowest 
particle l it x (in fig, 4, p. 145) which would become the starting pumi 
for -t slope of diminishing gradient so long atf the position of the general 
bint: level of denudation remained unchanged, The river muat erode 
downwards at leas? from t to *f, or sideways from t to a\ and must in nil 
the following units of time perform the same* ever-recurring task. In 
short H there must he a constant ratio between the intemity 0/ the denudation 
atting on the slope unit and the intensity of cwmm by the ftreamj a ratio 
characterised by the relation: 

1 0 - i a sin (90 - *) r from which t a =^- - *->(1) 

ur to t a f sin 1 from which s a = * J ..*... fa} 

Sin x 


where t a ^the amount of downward erosion j 

ta*- the amount of lateral erosion ^ ^ 

i o — the amount of denudation (the amount of the retreat 
of the slope unit} 

an d * — the angle of inclination of the s bpe un it, 

Figure 4. from which the corresponding values and relationship* can 
be seen for a steep slope (A) and fur a flatfish dope (B), shows that this 
formula can be applied U* any slope unit immediately adjoining the base 
luvd uf denudation. A dope unit tm tkm maintain itself with unaltered 
gradient only uhrr r hr intensity of erosion r. cimstmi {uniform erosion) and 
proportional to the intensity of denudation on the adjoining dope unit, Since 
tills increases with the angle of inclination a, which in tte turn depends 
os regards detail upon the character of the rock, the intensity of erosion 
lias a definite relation to the angle of inclination of the slope unit rising 
up from Lhe river. The flatter the adjoining stupe, the less intensity of 
erosion is needed to bring dniut equilibrium; and the limiting case h 
equilibrium between a rivet which is not eroding and a slope with the 
smallest possible grmlfi ill (the theoretical condition of the final surface uf 
mincaEion, the eiid-pcftcplaneor J)avi>lau peneplain*)* 

Equilibrium h inevitably established, however, nut only when erosion 
is uniform, but dsn between any value of the eroriotid intensity at n 
given lime, and the denudation taking place nn the slope unit adjoining 
' an drr EttdrnmpfMchr. drm Bndruwtp/ader der Fmrpinm ion Davila 
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tltt river or that timt Suppose j ctiif to rise up directly from a river, and 
that the river is eroding with less intensity than what h needed to 
balance the denudation of the cliff fete. Lei die intensity* however* be 
greater than that of denudation on the normal basal slope—Le, the one 
that would develop if tile genera! base level of erosion remained in a 
fixed position (see p. 135 ff.). Then obviously the diff face could not 
remain at the edge nf the river, but would recede from it Sh diftracicrisdc 
amounts, r fhe slope appearing below it would nol, however, correspond 
to the normal basal slope, Such (r f in the profile of rig. 5) could develop, 
an<| main tain its position at the wuttf-coutse unaltered, only if the 
stream wefq down cutting uniformly with an intensity such tliat its value 



currespuiided to tht* equilibrium- Hut a greater value has been assumed 
for the river r b erosionaJ intensity 

the cliff t w muvc:. back in successive units of time into the posi¬ 
tion^ t ‘, z' r V F etc** let us suppnuc that the general luse lev cl of denuda¬ 
tion sinks from t to a x and furthermore, by cqiti) amounts to r*. etc. 
On such an hypothesis, the infinitely s?mah liisal slope b which (theoreti¬ 
cally, but not in reality) appeared in time one, has been undercut; an 
infinitely small step *1^ hits formed m the diff This must fifigmc up- 
slope at the same rate as the cliff face, since it has the same inclination* 
If, in dine two, tins brier less arrived at 2-2 \ then that break ot slope 
would be at and would have left a new basal slope 11^ behind it* 
However, this \m in the meanwhile been once more undcraiL "The 
newly ap]tcaring step in I he diff, bjh t \ would have migrated to AA by 
the end of time three, the tf-step to a^\ the diff face to 3-3', The tiew 
basal slope A A has t however* in the meantime, *^ain been undercut 
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If,;’,'), and so mi, li m'nt' tuok place successively in that way. a mam- 
stepped basal slope would develop below the receding ditT, its mean 
gradient being greater than that of iht normal basal slope t t' . In the 
diagram the successively appearing Steps of undercutting luvt been 
marked by 'He letters <t, b. c, tl , . etc., and their positions reached in 
successive times bear the corresponding indices. After time three, the 
slope system is represented hv points h.J>i Ayr, 3-3' \ ihc fine lines 
in the diagram ). 

However, in reality, river erosion and sheet denudation, over the 


Fig. j, 

whole rock wall ns welt as tha! over the slope unit Appearing below it, 
happen simultaneously tor all the phases; and so, neither the little step* 
of undercutting, nor the basal slopes 1I' below them, actually arise. Each 
infinitely small undercutting on the pan of the eroding river creates an 
infinitely small dupe of steep gradient, on which denudation is more 
vigorous than at any other position on tlic growing basal dope, Thus, 
from the moment of its origin, that infinitely small slope reaches up to 
whut is a! that instant the l>ase or the ditf face, swallowing up* as it were, 
the gentler basal slope, lit sttccesHive times this latter moves along the 
same path as it would follow were there no erosion, since Us poritkm ft 
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Jtttrmuted rxitum^ly by i&k intimity of dmudutim oh the cliff fact itself. 
If the cliff face ha* already neatly readied the position 1 i\ theft arises 
11 ihe edge of The river only the Iasi infimtdy small slope nf undercutting 
which by the end of unit time disappear* from the foot of the will, 
which has during this ^ame rime moved to point I. At each moment, river 
erosion bring? about accelerated denudation, and this ss transmitted to 
the upper margin of The slope unit. If wc choose to consider very small 
v alues, we come very near to the natural course of events ami the deduc¬ 
tion becomes exact- Then the infinitely small steps of the slope t pass 

into the thickly drawn lines of the gradient 

The -dope that develop? lirrc is from the very outset steeper than the 
normal basal dope 11\ Assuming as before that the rock remains of ihe 
same character, it is therefore art area uf greasier denudational intensity; 
md \\ is the lowering of the general ha.se level of denudation, by the 
river 1 ? erosion in unit time, which causes the increase in denudation and 
determines what intensity is possible on the slupc unit rising up from the 
stream, if E denotes the intensity of downward eroshm A the intensity 
of denudation on the slope unit immediately adjeining the stream* the 

A 

general relationship that holds is: E— 4 f where a nr presents the angle 

cos oc 

of me Lindt ion of the slope unit under consideration. In Other words: The 
m ten si tv of erosion titter mines the gradient of the slope unit rising up from 
the river edge, the details of the inclination then depending upon Lite 
nature of the rock. 

So Song as the intensity of erosion remains constant, there is one dope 
unit and one only, its form and its inclination remaining always the 
saiuCp which can grow upwards frtun the eroding stream. Unde? these 
circumstances, no local base level> of denudation, concave in form, ran 
develop. O11 the contrary t the slopes hm t straight profiles* and these arc 
mainiained so Ion# a? ihe intensity of erosion remains unchanged 
(assuming the character of the rock to be stilt the same). This is called 
uniform development* Jib primary characteristic is a straight profile; thus* 
the fibpes have a apcciile form, hut nor n specific gradient. Rather is it 
true lliat >Iopt^ of any gradient whatsoever from the least; possible to 
tl lc greatest which can be formed ami maintained for the particular type 
of rock n the place in quotum—may acquire a straight profile when 
uniform development *cta in. provided only dun die erosiunal intensity 
keep? its coitch pouding value unaltered. 

In figure : we began with a did’face / tv. This, if produced beyond the 
diagram, would 111 eel ah lifiakignm dope unit iu the vertical line dropped 
from the ridge crest [r h m n in the figure], bun her development leads to a 
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single concave break of gradient As this moves upsfape and shortens the 
cliff from below* the rocky arete becomes lowered to the same vertical 
extent. Between the time periods four and five, the cliff face would have 
disappeared and been replaced by the slope e h m; and thus the arete would 
hal e been replaced by a less- sharp edge, the intersecting slopes being not 
so steep aa pnevimislyH l'p to that moment, there has been a lessening of 
the vertical distant between the xonc of intersection and the general 
base level of denudation which is sinking uniformly, i.e. the relative 
height (pp, £35 13b) has been diminishing. From now on, this is 
changed. The uniform straight slope is being shortened from above, at 
die zone of intersection, by the same amount as it is being supplemented 
from below at the edge of the river. In other words: regardless of the 
gradient nf the slopes which are meeting in the particular case, and it* 
respective of rounding of the summits—which does not interfere with 
ihe slaliomry condition, but cause*, it (p. 14Z)—the /ones of interaction 
.ire lowered in unit time by the same amount as the rivers cist down. This 
follows direct Iv from the rectilinear nature of the slope profiles and the 
constancy of iheir gradient, and tan he read off at once from figure 5: the 
lengths <?.-£, (amount of erosion) and m-n {lowering of the ridge), both 
between the game dupe positions* are equal 10 one another. 

If uniform Jn rfapmmt tastf sufficiently fang, straight slope mils are pro- 
chsced in every Mte; the steeper ones, which emerge from rapidly eroding 
streams, appear after a shorter time than the flatter ones corresponding to 
less intense erosion They then hold the held alone. . It item m this stage 
has Iwen reached, the relative heights become constant Nothing changes in 
this respect so fang as the intensity of erosion maintains a uniform absolute 
value. 

3. CONVEX BREAKS OF GRADIENT 

Development of convex breaks of gradient might he deduced directly 
from the law that tins gradient of slopes i$ determined by the intensity of 
erosion. However* we prefer once mure to follow conlinuuu^lv the nat¬ 
ural course of events so as Up reach exact r mi Its by this somewhat 
lengthy method. In order to t!r.-.il with the problem by constructing .l dia- 
gram, lig. ft, p. 14^. b Mice njraiii bai&d upon taking definite values for 
the intensity of denudation acting upon the individual slope units: any 
numbers may he chosen for these values so long as merely qualitative 
results are desired* and so long aa they fit in with the known law that 
intensity of denudation, which i» equal to the rate of devdopment uf the 
slope units* taereatti with their steepness. Differently chosen values 
would alter merely the [ particular] gradient* of those portion ft of the 
dope* which are represented in the profile, and not—ns Wc with once 
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more to stress emphaticdly—-the fundamental results which alone 
matter here. 

A slope with a straight profile* rising up from 1 stream which h 
eroding uniformly. recedes in three successive units of time from its 
position m m to i t\ m to t denotes the uniformly maintained amount of 
erosion* m to /' the lowering of the zone of intersection hv similar equal 
jimounis during the same periods of time, it from that time onward the 
intensity of erosion inerwes, development am no longer continue in 3 
simitar way: the general base level of den u dm ion is towered more rapidly; 
but the denudation of the slope unit with its given gradient cannot be 
accelerated during the same period* The Inti since lists been upset. 



Starting from the portion f r\ the slope cm, and must, reach position 
ay i\ in lime one, because of the renewal of exposure taking pkee uit it 
at a definite velocity. In the meantime, however* the gen end base level of 
denudation hns been lowered frnm / not only toy hut to a lw which would 
be just double the amount occurring in the previous time interval* 
Theoretically* therefore, there remains a small undercut declivity cf,a,' 
which separates the slope a\* from the general base level of denudation. 
Bui in fact neither this nor its similar successors, shown in the diagram. 


ev^r develop. For at every instant the river, eroding with increased forte, 
bring* about a minute undercutting, produces 3 minute steep slope, 
whieh from the moment it appears is 3 surface of mure intense denudy- 


JfVtf pnfirfu H?nr frKMtMft t*m 
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tibu. As such, it recedes vigorously ups lope and eats away t lie luwer erne! 
uf the slope unit which b jdmultanctjusly receding, hut at a slower rate. 
If, at the cm! of umr one. this readies the position i F i F then the last of 
these minute undcri_uiimg£ (i.c, fitupea with an inclination of mavimiivn 
gT-jdiem) has been produced at the river 1 * edge, and ha* vamahed at 
point t* TWd point is .is far as the undermining am recede upsEopc in 
unit tune un account of the intensity of denudation peculiar to if 

Thus, while the one slope unit meves in successive times from t t to 
i—i. 2 '-3, etc.* there is also a new slope unit growing up from the more 
intensely eroding river. This might be considered to have arisen dis- 
continuous]V! as has been shown on p. 14& for an analogous case. The 
newly formed &h*pe would then be dissected by exceedingly small steps 
which one After another would reach upslupt. is is tUustrsted by tlie fine 
kinked line Irm the position e $ $\ However, to make a sufficiently dose 
approach to the continuous course of nature, the discontinuities must be 
taken iis infinitely amalL Then the very minute steps disappear in a uni 
formly inclined plane (thick line) which at successive time* occupies the 
positions d|l f C*3, and so on 

This new slope unit han u straight profile, since cons tint values have 
been assumed for the increased intensely rd erosion li k steeper than the 
slope unit above it. Therefore it is the scene of increased denudation 
and it is obvious that this is now necessarily in equilibrium with the 
erosion. 

Between these two slope units, j convex break of gradient appears. It 
form? the local base level of dgnutkitUui for the flatter port of the slope 
lying higher up. I’ll is, until it dkappeanL is denuded in relation to that 
break, and U uninfluenced by any further changes in the general base 
level of denudation. The conve\ Ur. -A. u f gradient recede* upsli)pe F since 
the steeper alope unit, being a surface with a more rapid rale of develop¬ 
ment (intensity of denudation), retreats upwards more vigorously and 
eats away that pan of list slope which is above it, undercutting it and 
thus preventing it from being flattened. This killer slope is displaced 
only in a direction parallel to its former position; bur it is continuous!v 
shortened fmm below until it disappears from the parts at the highest 
altitude*. 

Thus in general: Cotttex breaks of gradient oter their origin to m in freest 
in the intensity of trmitm*** They originate ui flier level all along the 
drainage net* and from there they recede upwards at a rate that i$ deter¬ 
mined by the inti mity of denudation of the steeper stop* unit. On aecotmt of 
their prf-ntce, rht dnrJofment of the higher, flatter slope unit becomes in¬ 
dependent of the bfAiti'idur of the rrasiwuet rhimneh t, U. independent of the 
baie lewis of erosion (*re Plate IV, illustration 2, HAteY, illustration i). 


Additional Motes on the Origin of Concave 

IIheaks of Gmmxm 

111 their origin, behaviour and function, convex breaks of gradient 
agree in every way with concave base levels of denudation. Both start 
from the general ba&e levels of denudation, bath recede upihtpc, and m 
both caf£i the rate of retreat it determined by the intensity of denudation, 
ttdrirh equals the rate of driridopmenf of r chat is at that time the snil :per 
slope unit- Until are local bast le vels of denudation and render the de¬ 
velopment of the respective slope umss above them independent of the 
behaviour of the erosiontil channels and of the base levels of erosion. 
These analogies. and eapctiiilly the fact that the change in position of 
the conves a* well as of the concave break# of gradient h determined by 
the me of developcncm of what k at that time the sleeper slnpe unit, 
make it now possible to add to what Iuls been aaid ahoi.il concave base 
levels of denudation in areas which are composed of homogeneous 
material St is bv no means only when there is a fi^cd base level of 
denudation, as was assumed in section 2. that they arise. They do so m 
every cast trfurt there it any diminution in the intensity of erosion IF this 
mlcnsiiv becomes zero, there is the possibility that Hat ten in p may occur 
down tn the smallest pussiblc tnudient. Interrupticm in the lessening of 
erosion, on the other liand* naturally limits the process of flattening as 
well. Up to that lime. via. up to the cessation of erosion, the diminution 
nf gradient in each phase of the development of the erusionaJ intensity 
am only be such as tn bring the intensity of denudation peculiar to that 
slope into equilibrium withwhat is at that time (he value of the intensity 
of erosion (see pp 145, 147 and tig. 5 on p. 146), Thus the sucocssiutn, 
from above downward, of flutter and flatter slope units, together with 
ihdr actual inclinations, provides a picture of the kind nf decrease in 
erosion that lias taken place and its limit. Other things being equal, a 
sharply concave curve of the slopes indicates rapid deceleration of the 
irruskinal Intensity* a Concavity of less strong curvature indicates a slower 
rate of deceleration (cL with this, pp. 1 ). 

6, DEVELOPMENT OF RELATIVE HEIGHT 
WAXING DEVELOPMENT AND WANING DEVELOPMENT 
Figures 2-fi show t!ie devdopmnt of the relative altitudes. Tn 
simplify tuatters, the lines along which the zones of intersection move in 
Successive units of time are recorded m vertical tines dropped from the 
ridge crests, No account has been taken of the rounding of heights. 
When the general hum level f?f detoidatitm h constant, the zone of inter¬ 
section h lowered, atuf with, ihis the relative height us. Icoencd (pp. t 
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137, fig. 3), This (lecmsf. however, is not the same Tor ill l phase*. If the 
slope position* f 1,3 « . 3 h (in % 3, p. 137) art produced w cut the 
vertical line through the ridge crest, I he towering in successive intervals 
of rime is found to be greatest, and- as cut also he *ccn from fig. a, p. 
13-—to he constant m amount, so long as if is the same steep surfaces ot 
intense denudation, the cliff faces, which are intersecting (positions i-l V), 
Suppose, for the scale chosen, that this lowering is 22 millimetres per 
unit of time. After time three, the cliff disappears, and from then on¬ 
wards the basal slopes meet in the highest parts of Lhe country. The 
lowering of the Zone <rf intersection now takes place more slowly; in the 
diagram, it will l*e only to millimetres between the positions IV and V, 
i,e. during one unit of time, and it fills still furtlicr to 1,3 millimetres in 
unit time. This amount remains constant mi bug as the /one of inter¬ 
section is formed bv the basal sloped - —positions \ to XX—:itid is in no 
way affected by The fact that in the meantime further, flatter slope unit* 
arc developing at the edge of the river and growing up&lope, After rime 
twenty, the basal slope has been completely replaced by the next flutter 
dope unit, in which the zone of intersection now occurs. The lowering 
1 jf this is hereby further decreased—o.ib millimetres in unit time—and 
this decreased amount remains constant until the slope unit in question 
has been itself removed and replaced by rite one nest below it with the 
nest degree of flattening. 

If the general base level of denudation remains constant, decrease in 
the relative height takes place more and more slowly. This slowing down 
comes about because, in the course of development, ever flatter and 
flatter slopes meet in the zones of intersection; and nti these, denudation 
achieves less and less in successive units of time. The lathering of the -ones 
of intersection depends wtely upon the development of the slope units which 
meet theft, and it it determined by whatever intensity of denudation it 
characteristic of these latter. 

The general hast level of denudation is constant only as a special case. 
This can occur at the end of a scries of developments which are charac¬ 
terised by decreasing erosion*! intensity, be, there is a decrease in the 
amounts by which the general base letH of denudation is sinking [in 
each unit of time] fp. 151), Considering any phase of tile develop¬ 
ment, e.g. that represented by fly 5 (p. 14(1), what occurs is as follows; 
bo long as slopes with the gradient t fr intersect, the zone of intersection 
is lowered by an amount proportional to the sine of the angle of inclina¬ 
tion of the slope unit, regardless of the fact that in the meantime the 
river is eroding less intensely and is allowing n flatter slope unit to de¬ 
velop. This becomes evident if in fig. 5, p. 146, the slope positions / tt, 
I ri, z 3-5' 4 4 arc produced to meet Lhe vertical line through the 
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rid^C ctcsi Until the flatter slope unit ha* pushed it* way ibrough ant! 
forms the sone of intersection, this latter is lowered in each successive 
unit of time bv an amount greater than that bv which the general base 
level of denudation is sinking. The remit h a decrease m relative height. 
The relative height remains constant if the slopes, which intersect m the 
highest pits of the country, rise in rectilinear fashion from a_ inter¬ 
course that is eroding with an intensity which has been decelerating but 
which—it is assumed—is once more uniform. _ 

The (ours* of development which is due to decrease in erotbaal intensity 
muv he called WANING development It is characterised by the occurrence 
of concave breaks of gradient, amove profiles, and decreasing relative 
height. In the limiting case, the erosions! intensity sinks to zero; the 
slopes then develop with a constant position for the general base level of 
denudation, and a lower timit is set to flattening only when slopes with 
the smallest possible gradient appear. As soon as these intersect on tlie 
interfluve summits, there is naturally an cud to the lowering of the zones 
uf intersection. With tins, (he lower limit has Keen reached for the de¬ 
crease of relative height. Tins height is determined <>i) by the inclination 
of the slope unit which has become the sole prev ailing one. viz. ihat w ith 
the greatest possible degree of flattening; and I A) hy the horizontal dist¬ 
ance between the zone of intersection and the edge of the river, increasing 
with this distance and vice versa. This process ends with cessation of all 
denudation of the land, with the establishment of minimum angles of 
slope and of a relative height which can be no further decreased. It is, 
however, possible only wlien the course of waning development pro- 
Leeds completely undisturbed and for an unlimited time. It is called 
pcrteplunation of the country. Every phase, except the theoretically dual 
ivsult, is characterised by a concave slope profile. That final result would 
U c the end-peneplain:. Davis' peneplain or ‘ Faitehene (see p i*K). 

Waning development may follow from the uniform type, but it is just 
as likely for the uniform type to follow it, and this is what was assumed 
in the construction of fig. 5 (p- *4^)- l he characteristics of uniform 
Jrrelopmeni luive already been established (pp, 147-148). I hey are based 
upon constancy in the amount of erosion produced in successive units of 
lime. Slopes with straight profiles develop, ami as soon as these intersect 
in the highest parts—bvtt mat before—the relative height also becomes 
constant. Then the lowering of the zones of imcrscLtion h not only pro¬ 
portional to the sine of the angle of inclination of the slope units w hich 
are meeting, but also it is equal to the amount hy w hich the general base 
level of denudation has sunk. 

pig, (>, p. 145, illustrates the development of the relative height as the 
intensity of erosion increases. The construction in diagram A starts with 
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a slope unit of uniform development, As far as position r 1 ’ of the slope, 
the amounts hy which the zone of intersection is lowered, and those by 
which the general base level of denudation sinks, keep pace with one 
another. From that point on, it is otherwise. The river incises more 
strongly, but the rate of lowering of the summit remains Unchanged so 
long as [he zone of intersection is in the same slope unit: the relative 
height increases. This goes on until the new steeper slope unit rising from 
the river, which (according to tlm assumption) is again eroding uni¬ 
formly though with increased intensity, has succeeded in reaching the 
Kune of Intersection. 

I'hr construct inn of diagram II can now easily be understood. It is 
hiisetl on a system nf slopes which r$ exhibiting waning development, 
and which consists of cliff face and basal slope t II a. I ’or Ihe sake of 

dearness, the relationship E= — has been assumed between E the 

intensity of erosion, and A, the rate of denudation or the cliff face If a 
with angle of slope 2. Then from the incising water-course there wilt 
□gain rise a cliff face with the same gradient, assuming the character of 
the rock to be homogeneous. After time one, a slope inis fcen formed, 
having the position t‘t H,a,: a fresh cliff face i'i ha* appeared and is 
separated from the receding bas H d stripe by a convex break of gradient 
which migrates upsfopc at the same rate os tile concave base level of 
denudation ax the loot of the upper cliff face. The basal slope is shortened 
from below by as much as it 1-. increasing above. Were the erosions! 
intensity greater, the more actively undercut lower did face would in- 
crease Upslnpc more strongly and shorten it from below more rapidly 
than it cm grow upwards. It would he removed, I ho lower cliff face 
would merge into the upper one as a uniform slope unit, over the whole 
surface of which intensified denudation would then occur, brought about 
by accelerated caving in of the nver hank due to its undercutting. Before 
this condition had been reached, however, stepped cliff facts would he 
visible in such a case also. There, occurring on valley slope* of homo- 
gencous emnpoaitino. show that erosion has repeatedly'begun and ceased 
at die same places ( P . 139). Excellent examples uf this are To be seen ire 
the valley of the Danube below Tuttlmgen. There it is a matter nf the 
repealed action, alternating with its absence, nf predominantly lateral 
erosion at the undercut slopes of the Valley' meander*: the cliffs are not 
invariably stepped, nor is the number of steps mr their ajtiu.de con¬ 
sistently repeated .u analogous places. No terraces, that could lie cor¬ 
related with the*? cliff Steps, halt been observed „ n the correspondinv 
ill[KOff llupc^. 
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tf Lht upper cliff face intersects a slope unit of the same type then* 
according to whar has been assumed for diagram II. the zfrm of inter- 
section is lowered by the same amount as the river cuts down, until the 
basal slope reaches it—see position Vs *h- ^ mm lhat time on* the lower¬ 
ing, which corresponds lo the rale of denudation fit" the slope, goes on 
very much more slowly* The river is now at the s^ime time cutting down 
with ujidimhiished vigour, and so the rdurivt height increases, rids 
behaviour is again associated with the presence of y convex break of 
gradient, and once more the lowering of the ridge crest k independent 
of what is happening at the river's edge, provided that the slope tending 
from it to the ridge crest is not a single slope unit (lit. a uniform form 
system), The occurrence of convey breaks af gradient and of content slope 
profiles is us necessarily hound up triih increasing intensify of erosion as is 
the increase in relative height. W e call this WAXING denefopmr nL 

This general statement can be made:: Lowering of the zones where 
slope units intersect at the tops of the slopes does not necessarily mean a 
decrta.se of relative height, nor .l lowering of the general level of the land 
The development of relative height it the story of the vertical distance Ire- 
ttcecn the stmt of inter section and the corresponding position of the general 
hose level of denudation at any given moment; the h/K'enng of the zone of 
intersection is the steady deer tow in the vertical distance hetnrm it and a 
definitely chosen fixed lev cl t eg. any indirifltod position of the general base 
lev.'ft f/f denudation, Lowering of the zones of intersect it '■ i- the immedi¬ 
ate consequence of the denudation that is taking place on the intersecting 
slope units; like this, it goes on steadily and comes to an end only when 
denudation ceased The amount of lateenng is determined solely by the inten¬ 
sity vf the denudation on the intersecting sfopt units, and so is proportional 
to the thus of their angles of inclination; the steeper these are. at the zones of 
intersection, the greater the fost ering in unit time; and this is independent of 
what i; happening on the lotrer parti of the slopes and at the general base 
level of denudation* 

Variations in the relative height, on the other hmd, depend upon 
differences between the behaviour of the erosion chan neb and that of the 
zones of intersection* Jf the intensity of erosion diminishes, the trialive 
height becomes less. But this dues not occur till the dope systems of con¬ 
cave profile, he. those w hich are broken up hy exclusively concave breaks 
of gradient, have extended up m the topmost parts, without necessarily 
affecting the founding of heights previously considered (waning de¬ 
velopment). If the intensity of erosion increases, so doex the relative 
height. But here, likewise, it k not till Mil developing slopes, divided up 
by convex breaks of gradient, have established themselves (waxing 
development). Ami it is only in ihiter special case* wlitre straight stupe-.. 
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due to a uniformly Seising stream, intersect on the summits, that the 
relative height remains couHtani. Then ii tlt*s not ahej anv more %hm 
does tile induration of slope, whatever it may he at that lime, so long is 
the intensity of erosion mountain* it* value, not even when the denude 
lion and the lowering of the stones of intersection are of unlimited dura¬ 
tion (uniform development). 

- T RA l fiS OF GROWTH AND AREAS OF 
SLOPE UNITS* 

The regular upward recession of concave and of convex breaks of 
gradient in regions h imposed of homogeneous material:, brings about a 
change in area of the slope units which adjoin one another at any given 
moment. Those immediately above the receding break of gradient are 
shortened; those w hich happen at the time to be hdow it, spread tip- 
slope. Tltit lot tvs pTitcesi is the growth of stupe units. The rate of growth 
varies with die intensity of denudation. Since the latter increases with 
the gradient, steeper slope units grow more rapidly ihm flatter ones. 
During their development* therefore, slope units are constantly changing 
in area', und which bind of change it is depend* upon their arrangement. 
Only with uniform development is there no such alteration; in that case 
the slopes consist each of a single slope unit, and are uniform and not 
composite. There h» compensation for shortening Jt the zones of inter¬ 
section by the addition of an equal amount at the genera! base level of 
denudation; the area of die slope unit is in that case as constant as the 
gradient. 

But with waiting development, in which the steeper parts of the slopes 
lire at the top, and the Hatter ones below (p. 137* fig. j), each higher 
break of gradient recedes upalope mure quickly than that next bduw it 
{p. 1 50); aad so the area of the slope unit between them increases. ‘That 
increase is not, however, unlimited, nur is it very considerable even over 
lung |wrk*i9 of time: since except between cliff and basal slope the differ¬ 
ences of gradient between neighbouring slope unite are never very great 
and they become smaller, the slighter the inclination gf the slope units 
which join one another by concave break- of gradient It is only the 
slope of grcAteit p*^iblc fimrenuig which is continuously increasing its 
area at the expense of nil the slopes above it, since at its lower margin, 
the hxrd general base level of denudation, there is no flatter slope unit 
appearing. 

The orninjjemtm is reversed in the case of waxing development; here 
the steeper slope units lie below, the Hatter ones above. Convex breaks 
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of gradient 1 which recede upward more quickly, form the lower margin 
of each of the dope units. These, in unit time, art shortened from below 
hy greater amounts than the upward extensions of their top edges. All of 
them thus decrease in area except the one that rises directly from the 
general base level of denudation. It Ls inevitable that in tJiis ivay slope 
units vanish before they have reached the zone of intersection in the 
highest parts. This ts illustrated in fig* 7* which hits been drawn for 13 
successive positions of slopes which result from an assumed increasing 
intensity of erosion* It would occur with a slope which had been pro¬ 
duced bv first, an increase in erosion*! intensity, then followed Irs uru- 
form incision of the amount j to 2 id unit time. I wo slope unit> H a iUid h . 
arc present. A third steeper out* (r) becomes associated with them as soon 
as the river incises more vigorously (from 2 to 3, diets 4, 5. h, ami so on ), 
and a further fourth one (3/). which rises up from the river when it erodes 
yet more powerfully still after having readied slope position 9 + ^ bat 
fourth slope possesses the greatest inclination tliat the character of the 
given rock permits. 

Slope unit h ts vigorously undercut and shortened hy the dope 
bduw, dial between the dope positions 12 and 13 ^ has I veen com pie tel ) 
eaten away and replaced by slope unit €„ which then immediately adjoins 
the much flutter slope unit a. A more pronounced convex break of 
gradient separates them front one another, 1 Iris result would have been 
achieved more quickly (mil the fiytrerwiuEi increased to greater amounts 
in unit time than has been assumed. C'onditinnrS which could obtain only 
after the 9th slope position in the hgure would then have come about 
sooner. The amount of emsson by the river in, unit time ^ rile rate or 
intensity of erosion; rhe increase of 4 iich amounts m uniR time is the 
acceleration, or increase of ernsiona! intensity (conversely: 1 he dmiinutaufi 
of theac amounts is the decrease uf iirteitwiy or deceleration of the 
erosion). 

The removal of intermediate slope mitt hy ttmpet ones produced fatrr 
mav occur eren before thou? intermediate stapes have extended up to the 
highest parts ■ and it takes place {hr inure fi sickly and* other things being 
equal, affects a larger arm, the greater the aeceieratum of the erosion (seep. 
I*o). Such a slope, therefore, no longer ahuwa all the slope units, une 
above the other, ri s they were Miccessivdy formed at the general base 
level of denudation; but some id than are gone and have been replaced 
hy mure sharply convex break* of gradient. They die far older 

and flatter slope units fmm the far younger, steeper ones. This pheno¬ 
menon is widespread: sharp break* of gradient, the origin of which has 
been explained above, always form the lower limit of upraised landscapes 
with gentler slope*, and they mark the upper edge to which the younger* 
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steeper slope units have worked back from the deepened crasjunal 
duumds. It fa quite wrong to deduce from this 1 duality of uplift LS *. 
Amongst many usher examples of this there are the dissected peneplanes 
of the Vogt land md the Rhenish Sdiiefcrgdurgei and the highland land- 
scapes of the Han? and the Stack Imrest, etc., with their edges eaten into* 
as it were. The phenomenon fa mo!4 sharply marked where acceleration 
of erobion bis produced >bpc unira of minimum gradient, if the water- 
course in fig. 7 should finally cut down in unit time not only from tj to 
io h but twice as quickly right down to n p no steeper slopes would do 
Yelop, not even with 3. further yece krai ton of erosion, since the maximum 
gradient had already been attained. Cut ihe slope unit d would increase 



Fig. j< 


to an cm no nd in ary j mount. I 'he uccetcraled undercutting of the higher 
slope units would lead to their rapid removal (dotted slope positions 
to-m’, < t-i i', fine figures); very soon a specially sharp convex break of 
gradient would make its appearance, mid here the precipitous undercut 
slnpcs would directly adjoin .1 far older and flatter slope unit (fie S and 
Plate IV, illustration 2). 

tiuch undercut stupes always have a straight profile. It jj no longer 
possible to tel! from their shape whether the uater-tourre from which 
they rise has find uniform, accelerated, or decelerated notion, whether 
they belong to the type of uniform, muring or waning development, sn 
lone as the intensity of erosion is more than wliat just balances the spon¬ 
taneous denudation on a slope of maximum i^JilienL If uch undercut 
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slopes meet in zones of intersection, the relative height becomes con¬ 
stant. This behaviour, then, nu longer indicate uniformity of develop¬ 
ment a point which must he kept in mind ft>r later investigation. 

CoNTLWITY OF TliF CURVATURE OF SLOPES 
For tile accentuation of convex, break* of gradient, which takes place 
on tile removal of intermediate slope units, it is not necessary to pre¬ 
suppose a sudden increase in the intensity of erosion. 'This has, so 
far, been assumed in order to facilitate approach to the kws governing 
slope development. Erosion may be locally accelerated in such a way m 
to give the impression that the intensity increases suddenly by com pari son 
with the very slow processes of sheet denudation. Such a superficial im- 
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pressRm must not, however, he allowed to tempi sis to misinterpret the 
essential nature of erosion, which change* its intensity only in a steady, 
not in a discontinuous manner. Erosion is lowering the general base level 
of denudation at every moment, i.e steadily, by a very small amount. 
W ith indexing intensity of erosion, these very small amounts become 
larger in successive units of time; with lessening in tensity* they become 
smaller* At every moment, therefore, ven nainutc atopeunits rise up from 
eroding rivets and* when the amount of erosion increases ihri become 
somewhat steeper in each successLie unit of lime. Tftrr combine in a 
emttmiouxty mreni rmvtx zlupe. The kind of curvature can be seen in 
fig. 8 in which die continuously curved slope profile* are drawn in heavy 
lino or in broken lines inserted under the corresponding stupe positions 
fil the construction. On the left (A) the ttttkraiiTm of tnmtm has been 
token as exactly half that cm ike right (11); so that in the latter case it is 
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always exactly half the time, as compand with A, which dapsex before 
ihc erosiunal intensity has risen let twice, tierce timet or four time* die 
amount of the initial value, the same ill hath caset. U is only alter lime 
C i K ht that A has reached the same erosion a I intensity as B had already 
attained after lime four. In hnth cases there appear successively die 
same number of similarly inclined slope units, but in B twice as quickly 
as in A. Therefore the area of the individual slope units—of the same 
inclination—is smaller in B, and the inevitable removal of intermediate 
dope miils b\ lower and steeper ones takes place sooner than in A. In 
rigure K B this lias j I ready become visible after time four fat jc); in A, 
nothing can yet lie seen of it after time eight, h is apparent that the 
curvature of the slopet is mote Markedly convex, lotuads the valley incision, 
the greater the acceleration of erosion, the more rapid the rate <>f increase in 
rrotional intensity. 

'Hie rounded mountain ridges found, fur example, in certain parts of 
the German Highlands and the Wiener Wald, are instances of upstand¬ 
ing areas surrounded by convex slopes. In die Wiener Wald. G. Got- 
xingcr has made them the object of his frequently quoted investigations. 
Thev are typical forms of waxing development 1 ’ 1 which of necessity 
arise with increasing intensity of erosion; and are not, as GCtzirigcr tried 
to show, forms of waning development. 

If in a continuously curved slope, slope units of medium gradient have 
b«n overtaken by steeper declivities which grew up rapidly from below, 
there appear, here too, markedly curved parts of the slope, which recede 
upwards and take oil the Junction of convex breaks of gradient. In par¬ 
ticular, rhev are markedly visible when the acceleration of erosion lias led 
to the formation uf slopes uf maximum gradient ip. 1 5X). 

Tht break of gradient ri a discontinuity in the slope; but it 11 brought about 
by a continuous increase itt tro.danal intensity. Fur the first time tee- ore meet¬ 
ing the case of a steadily acting cause producing a morphological discarttinu- 
ify, This result is of great importance in ihe evaluation of the convex 
breaks of gradient dial arc being considered here and that play a highly 
significant par! among the world's land forms. It will lie referred to 
agaiti- 

just as incerase of erosional intensity goes on steadily, so docs de¬ 
crease. Thus the concave prolife* of waning development are also in 
reality continuously curved. The -imc naturally applies also Ui those 
profiles which develop when the general hose level of denudation re¬ 
mains constant, and which suffer flattening to the utmost ;tossib!e 
amount. For at each moment there wises here also n fresh, very minute, 
slope unit uf an inclination steadily becoming somewhat slighter. These 
combine to form an unbroken concave slope In fact, even the transition 
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from cliH face to basal slope is no sharp filek r as am easily be seen in 
mountain regions, but a more or less strongly re-entrant carve. + ] he 
mily place where this earning Ik: dearly -*en i& where talus reaches up to 
the foot of the dilt T covers the concave muuthinn between the surface* of 
dcnii(klion R and in m place allow* a sharp nick to appear between the 
diff and the detrital accumulation. 


8. RISE IN THE GENERAL BASE LEVEL 

of denudation 

Deposition by rivers brings about j relative rise in the general base 
level of denudation, whether It occurs in valley * or at the edges of a 
tectonically independent part of the crust where the general base level of 
denudation coincide* with the immediate base level uf erosion (p. rzE), 
Similar results are brought about by a relative rise in levd of standing 
water ti> width den u dm inn surfaces are directly tributary. Processes of 
this kind w ill be termed, for short, elevation nr rise of the general base 
level of denudation. They are changes which do nut induce any altera¬ 
tion in the type and shape of the s 1 ope units connected with them. It 
is not rill denudation finds a continuously changing, relatively rising, 
base level that these alter. TIi* resulting features represent a special 
case of waning development, naturally not that nf waxing or of uniform 
development. In tills discussion reference may be made to the previously 
drawn profiles. 

The concave nick, where the surface uf rhe alluvium, nr the water 
level, joins the given slope unit, i* the base level uf denudation . Whether 
il remains as such depends on the rale at which till* base level rise* in 
comparison with the rale of development nf the adjoining slope unh* In 
the case of a diff face, the base level of denudation must he raised at ihe 
same rate as This recedes, if it is Conlirumuily to adjoin a cliff with the 
same angle of inclination =w before; in the time the drff takes to retreat 
from t i to a a {%, j* p, 137^ the base level must reach at least the level 
of point £j. If 11 lags behind, a basal slope develops above it* the lower 
parts of which become buried j and even when so shortened, lhissepiirau-s 
the clilf from the general has* level of denudation, FLattCmog of the 
basal sluj>c eoimut Like place so long afl the base level continue, m riK* at 
the same rate. Slower rising would leave proportionately larger part* of 
the basal stupe visible; it would be possible for it* normal slope of 
diminishing gradient to appear [at the bottom of it]: until, in the limiting 
Lise, when the general base level of iltmfdathm \a cm longer being [-.used 
at a|l q flattening continue* itndisUirbcdL When slope units develop more 
* lowly shin the rate At which deposition, >>r the water level, is rising, they 
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iin? buried* Tliis obviously takes place mure readily and inure frequently 
on sloped of gendc ur moderate inclination than un steep or precipitous 
sloped 

Stop* writs* that are being drmtied, presen t their gradient only cl hen the 
Tate at sxkieh the base let'cl of dmudaturn is rising, keeps pact mth or mr- 
posset the rate of growth of the respective slope units. This is made clear in 
figure t) A* A cliff face adjoins the river f. In successive units of time it 
moves into ihe positions itfai, a/a lf f r fj 3r and a normal basal slope tf 
would develop below it. but the fiver s* ;Lggradii]g T and the level of de¬ 
position rises in the same unit of lime to t t . This, according to our 
prcmisses 1 is more titan the basaj elope can grow upwards, and more i hats 
ihe amount by which the cliff is receding. Under those circumstances, 
no norm id basal slope can develop; if it lias already been formed, it soon 
disappears under the rising floods of sediment or water, still retaining it* 
gradient. However, the lower parts of the cliff cannot be simply buried 
in ihe Kinic way* i.e* covered up whilst retaining their form and gradient, 
since denudation of the ditf face and the rise of base level are at any 
given moment simultaneous processes 

If, in very minute intervals of time, denudation and deposition fol¬ 
lowed one another, then, after the first unit of time, the cliff face would 
be m position of a L , There would be a minute basal slope t af 9 but it 
would be buried under the alluvium which has meanwhile risen to t } i* 
The upper surface of this is now r ihe base level of denudation. At time 
two, the eEff would be in position x %, from t a new minute basal slope 
i x would have been formed, winch again would be buried by the 
material that had risen to f t 2, etc, Bdow this material, therefore, there 
would be a slope With many steps (thick pecked line), removed from any 
fusilier denudation; its mean gradient would be greater than that of live 
normal basal slope 1 t\ but less than that of the cliff. The slope which b 
actually formed and which t* covered up at each moment of its upward 
development is, however, not broken when the base level of denudation 
is steadily rising; but because of the simultaneous working of denuda¬ 
tion and deposition it is uniform, It is represented by the straight line 
t- 1-2-3 which comprises all the infinite number of steps, chosen sons to 
be sufficiently small, of the type ie L i. The result is valid for any slope 
unit of any gi ven gradient w hatsoever; if the general hose level of denuda¬ 
tion rises more sptkkfy that 1 the adjoining slope unit develops, the slope unit 
is preferr ed at the hose level: fait hdoax it there arises, and is droamed as it 
arises, a gentler slope tehich is more steeply inclined than that nannot slope of 
diminishing gradient tchfch is developed when she base level of denudation 
remainsfixed. 

Hit uniform rise of the general ha*e level of denudation* as here 
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turned! occurs only in special cases and for a limited time. In its 
essence it is a process which is not uniform, which is accelerated at the 
beginning and then decelerated towards the end. Even when the causes 
continue to work in the same way, deceleration must take place, since the 
denudation surfaces of the district as a whole play the parr of inclined 
sides to a receptacle receiving the upward growing alluvium or water. 
That receptacle is wider at the top—the widening being greater Lhe 
Hatter the average slope of the land concerned— and so, if the level is to 
rise by the acme amount in successive units of rime, there must be an un- 
{united increase in the supply of material filling ft in. TMi is conceivable 
tit pans of the crust which sire linking uniformly, or with accelerated 
movement, where the surface subjected to denudation becomes in the 
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end completely Covered by transgressing sediments of marine or contin* 
entat origin; hut h is unthinkable in regions that are in any way moving 
upwards, at rest* or undergoing deed crated subsidence. It may be con¬ 
sidered normal, especially in the com into to] areas, fora rise in the general 
base level of drmidariun to take place with deceleration. 

Eig, 9 H illustrates how this takes place, Suppose a cliff face to adjoin 
the general base level of denudation L While it recede* in successive 
periods fif time (of equal length) to tf„ n 4 , the base Jevd rises at the 
same time to f s , i.e. by ever smaller amount*, nr mure slowly. And 
it htt* been assumed that, in time otic, the base level of denudation rises 
more quickly than tlte normal basal slope can grow upwards: the buried 
fragment of slope t 1 is steeper than the bas:d slope (as shown m fig. q A 1. 
From the upper surface of deposit inn there arise* as before a cliff 
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1 ti v In time two, the rise ftv-m t, to f, just corresponds ft* the rate of 
growth of the normal h.isnl slope; t Kib 1 1 2) is honed. Vet still there rises 
out uf the idluviurn, ;. : 2, a did 2 a.. In time three, however, the rise of 
the base level of denudation lias already slowed down: from the alluvium 
fjj there rises the upper pari of the growing basal slope (3-3'), no longer 
entirely covered up, and above it the cliff (3' a^. In time four, because of 
their different individual intensities of denudation, they have readied 
4-4' and 4' u t . At tliat stage the general base level of denudation is rising 
mure rapidly tluui tin. basal slope develops (i.c, than its normal slope of 
diminishing gradient grows). The part (3-4) of (he slope that has been 
covered up during period four, when the alluvium rest to is gentler 
i tun the basal slope hui steeper ihan its normal slope of diminishing 
gradient. This latter appears only during period live (4-5), covered hv 
alluvium (/ a -51, shove which the basal alope (5-5' \ and the cliff (5 a j 
rise up. In rime six there appears above the surface of the alluvium tfi 
[sic, ? /»(»J a fragment of the slope of diminishing gradient (ft-6'J, no 
longer covered oven and above it the basal slope (6"-6j arid soon. 

Slopes tchick are becoming buried by mater mi accumulating nith derrl- 
erating grc/idti. bate a convex profile. Their curie is continuous, provided 
die deposition is steady; when die general base level of denudation rises 
disccmtinuoUBty with pauses, the slopes are divided tip by convex breaks 
of gradient and so broken. Above the parts which are buried and so with¬ 
drawn from denudation, there comes a region of progressive denudation 
and ill tuning, and cuticave profile* of waning development appear. 
Usually -nch convex slopes, developed under4 covering* also continue 
downwards, since the deposition is. a» a nik\ linked to decrease and 
cessation of erosion, i.c to waning development. A picture ui such a 
complete system nf slope? can be obtained hv adding a concave profile at 
the left hand side nf point t in fig. < t fi, as in the fourth position nf the 
slope in % 3, p. 137. Such profiles are specially characteristic of the low- 
hilly relief formed in homogeneous Devonian shales and greymacke 
which are overlain by Pomtjin and Levantine beds in the neighbourhood 
uf Constantinople [Ifitambul], Tim valley sides, immedutdyabove their 
buried floors, are concave, passing up into continuously convex curves 
-o,d then merging into the flatfish slopes (he Thracian jH-»cp|«ie, 
which was formerly partly submerged by the youngest horizons [nf (he 
t.ucr beds] but only at its edge - On ,he penephne, concave prutiles 
d B 1 * ,s predominate The buried fully landscape 1 '- was thought due to 
the preservation of ynuthfnl forms, That is incorrect. H.c buried forms 
tv Inch appear tu fw entrenched in the peneplain, surface cannot In- those 
which charaaerired the denudation landscape before and during uggra- 
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daticn: it presumably had Sleeper tnecm gradient* and greiUer relative 
heights, and if was only during the transgrrs&ion that the burie d forms 
originates! !mm iL This Is made pi am by the convexity of the upper 
parts uf the valley rides, which might well be regarded as slop® de¬ 
veloped under a cohering- They might however, also be interpreted as 
forms of waxing development, and there would he no difficult), arising 
from 1 he fact 1i3.it the convex slopes change downwards into concave 
ones, the flf hM of extremely wide trough valleys, For it will be shown 
that in certain parts of rising crustal segments* it i« tlw rule fur waning 
development to follow the waxing type. It would be desirable to have 
fresh investigations made in the regions of die Thracian peneplane. In 
that connection, attention should be drawn tu the extraordinary way in 
which Devonian sediments in the strata below the transgreariug Neo- 
genc have been worked up. A aone of soil. several metres thick, has been 
found, and tlti* (specially towards the upper margin of the buried 
valleys, and so towards? the heights over which the pcneptfuic extends) 
allows the underlying gnyWttckes to quite gradually into the o\cr- 
lying Neogene sands and gravels. This makes it improbable ihut the 
sinking of the land and the iransgresdun assodated with it occurred Very 
quickly, and that previously produced denudation forms were buried 
intact. The buried land appears far from being intact [i.e, it show* signs 
of weathering] and this is increasingly so in ils upper parts* which seems 
to indicate that it is really a matter of slope* developed under a covering. 
lfth.it be proved, it would mt-un that there w^is hilly country before the 
Thracian peneptene replaced it; ami that this latter is therefore to he 
classed as anend-penephne or peneplain* 

This i? a general indication of the exiraordimuy importance which 
the marginal zone, between the areas ur deposition and denudation, 
possess for the evaluation of penepLancs. f ur hcre H if anywhere, there 
is a possibility of finding a part of its previous history preserved in the 
Form of an earlier relief below the correlated* stmt a. If this* preceding 
it age is another peneplains* i.c. a graded tramgresriofial surface of cun^ 
1 mental origin, then the peneplane in question can obviously noth* an 
end-pen eptane, a peneplain, which dev duped from what wa* previously 
in on.- directed mountainous country, ihe^e mo*! important relations 
will he considered in detail later. 

■>. INFLUENCE E XER TED BY ROC ICS OF HETEROGENEOUS 
CHARACTER UPON THE DEVELOPMENT OF SLOPES 

So far, in our investigations imo the origin and development of dopes, 
it has been assumed that the rocks are of 3 homogeneous character. 

t* SfT ulusdduv.) 
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The results nbtamed are neither altered mu limited by the influence 
which \us been exerted on the course of denudation by the variety found 
in Hit: composition of the L-arih’s crusi. That influence h based on the 
different resistance of the various type* of rock on which—other things 
bring equal—the intensity of denudation depends. In each typ* of rock 
—whether of great or small resistance — the development of slopes folio Wb 
the same laws. But the speed varies, and the maximum gradient for any 
slope unit differs according to the prevailing character of the rock. More 
intense denudation in a region of less resistant rocks means a swifter 
rate uf development and growth of the slope units; and consequently 
more rapid flattening as compared with analogous processes in more 
resistant surroundings, When there occur side by side rocks, which on 
account uf lheir Composition, texture, structure or bedding react differ¬ 
ently to denudation* multiform changes of slope occur: the same angles 
of slope occur in slojie units of differing stages of development; and slope 
units, w hich have had the same duration and degree of-development, 
have different gradients as w H ell as different surface areas. 


Stbulti ral Bask iA.vm of Denudation 

The features of an urea in w hich there i^i variation in the character of 
the rock are well know n* lianh sculpture leaves the strong puns standing 
out from tbdr less resistasu surroundings In tig. 10 [p. iDK] the profile 
illustrates the course of development and the rules that apply. It begins 
with a slope unit F i which at the given time just touches, at point r, the 
outcrop of a very much more resistant rock, such as an eruptive dyke Ih 
For what first happens, the way in which the slope unit has developed k of 
no importance. Should it result firum uniform development* the base level 
of denudation F would coincide with a water-course rintlie case of waring 
development, a steeper slope Ffi would follow below F; in the case of 
waning development there would be a gender slope Fa bdow F. 

In the region of rock A t the slope unit recedes in successive periods of 
time into positions shown by the numbers and etc.; in rock J?, 
however, it w ould reach only x a t r on account dF Lhe lessened intensity 
of denudation here—taken as one tenth of that in A . The surface a t r 
XHi of B is laid bare. It is not preserved, however, since from the 
moment it lias been kid bare, it also h exposed to denudation. The 
maximum gradient a^ t f that can be reached by rock B is realised, since 
tile position of rock a^xa, h deprived of any support, i.e. is undercut, 
1 'Jiis undercutting take* place to the same extent in am successive 
irrnmcnt of time, so Jung as a slope of the gradient and of the rate of 
development of sbjk: unit I adjoins it below in ruck A> While this, in 
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time tw, fpHehes 3*^s and then in B the undercut slope must keep 
its maximum gradient and move to «***, and a t <i, „ even if by itself it 
would recede, not at the same rate, but more slowly through spon¬ 
taneous denudation. The rote of devefopnumt of the lower slope unit deter¬ 
mines that of the slope above, which is steeper in the more resistant material 

As to the slope above the outcrop of fh it recedes with the speed 
characteristic of rock A, but in no place can it be deepened below the 
outcrop of rock B which is being denuded more slowly. Below the slope 
unit that receded to 2 A, in time one, there appears a slope of diminishing 
gradient r h lt which in it# turn is undercut during it# formation bv the 
simultaneous shifting of the ruck boundary from r to of. It can easily he 
seen that the little undercut slope af c z , which actually appears m Umc 
one, is bound to have just such a gradient that denudation on it (rock A) 
works at the same rate as on the steeper slope below (rock 11 ). Afore the 
exposed rocA of gfwater remtmtet there aritet a (WlfflM profile of waning 
development. In these early developmental stages, hovfever. tn£ concave 
slope is cnnvcxlv curved against the boundary of the rock outcropping 
below it. and yet still above the [actualj boundary against the more 
resistant rock which is giving rise to the feature as a whole, t hi-, steepen¬ 
ing of slopes, with an approximation to steep steps following below one 
another, due to more resistant types of rock. Can often be seen. 

The slope, originally homogeneous, has been broken by the exposure 
of a body of more resistant mck. A number of breaks of gradient have 
appeared which separate the newly produced slope unite and act os oca 
base levels of denudation. !n relation in these, the slope units develop 
independently. In the third position of the slope they are represented by 

the numbers 1-V, . * , * 

The breaks of gradiem are nf two types: the one is associated with 

rock boundaries. In the diagram, these are labetted a v a* <J„ and so on 
(type al and ,i t \ a, , cf. etc. (type o'). They do not migrate Uptjope. and 
Jo not tanuh in the highest parti; hut they follow the rhiftwg of the rock 
Boundaries brought about Av denudation, and n ! fn r moment the\ ore pen 
dueed afresh at thou places. We call them structural hast lereh of denuda¬ 
tion. since they are connected not with the drainage net but with the structure 
of the crust. Thev ante whetn er roch of different resistance are being had 
hare on a slope , and they are independent of the position and hehmnour nj 
the general base \tm\ of denudation. In function they correspond exactly 
to local base levels of denudation in homogeneous rock. Their arrange¬ 
ment is always such that a convex break of gradient appears at the mck 
boundary on the uphill side, and a concave break of gradient on the 
downhill boundary , provided that the outcropping rock i* matt resis¬ 
tant than its surroundings. If not, it is the other way round. 
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ginal unit f I. steeper, ino p than that of unit 1 which, since its develop¬ 
ment has been unaffected, has preserved thr gradiciji of /" t. 

Hie level of denudiiiinn fur 1 U is, however, constantly being 
lowered* and on account of this theft necessarily follows—a& his been 
previously shown—an intensification of denudation and consequently a 
steepening of the gradient; the development of tH is under the direct 
iiUlLienee of the denudation on surface 11, and &o is influenced indirectly 
by the rate nf development of L In general this rule holds: The intensity 
4>f demdahxtn of the lower stupe units is one of the fatten determining the 
U yetifpttlent of thoir part .7 of thr tfopf rehiek are situated ahm e than m an 
a fen tv hr ft the mete are of other types and differ in resist ante. 

This ex pi ai nil thr fact ih.ir in land forms with predominantly gentle 


The second Lypc of break of gradient behaves normally: the breaks 
arc formed at the structural base fcvel of denudation and from there 
migrate upslope. If the character of the rocks does nut change (differences 
in resistance remuin unaltered, and bedding rerruime the same), slope 
unit III is produced, so long as 4 portion of slope of gradient 1 bounds 
rock B m the lower aide for a sufficiently long time. When all the slope 
anils above III have been removed m the highest parts, then only two 
breaks of gradient, of typi-i a anil n\ remain. These separate the three 
sections 1,11 and ill of the slope, which keep their gradients unchanged 
The gradient of the fast named is of course steeper than that of the ori 
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slujMjs, e,g. pcneplanes, die denudation forms arc obviously and. within 
certain limits, practically Completely independent of the structure of the 
Crust, 'rhis becomes evident when we follow up the development in hg* 
to, where it has been assumed that, after time three, slope unit 1 lias 
been replaced bv its slope of diminishing gradient, which m tts turn just 
touches the part of the stupe a**.' which has the minimum gradient. If 
that part had its base level of denudation fixed, it would recede as far 
4S <j 6 because of its specific intensity of denudation, and in *n doing 
leave a normal slope of diminishing gradient 11* below. I his. however, 
b being undercut during its formation by the simultaneous lowering "t 
the local base level of denudation from u, tn a,; so it does not actually 
appear, hut in its place there arises the steeper slope unit M”. Alter time 
five, this alone prevails i n l he region nf B. 

Also, the convex break of gradient of type « move* downwards, by 
amounts that become smaller in successive times. Ihts is of ecisive 
importance for what happens on the slopes above. If the base level of 
denudation a,,' were fixed, the normal slope ot diminishing gradient 
would lie found below (he slope unit receding tor,, Its local haw level of 
denudation, however, sinks to a, at the same time, and sn no surface II I 
appears, hit in it* place the steeper slope of diminishing gradient III . 
For the same reasons, a gentler slope section is formed Mow it by the 
end of time six, and vi on. It can he seen that watting development is not 
fundamentally disturbed when a more resistant type of rock nutcrops on 
a slope. The concave prefile appears, hut it » interrupted by a convex 
break of gradient at the boundary between resistant rock below and less 
resistant above, For waxing development an analogous si airmen t may 
he added: The convex profile is interrupted by a concave break of 
gradient between less resistant reck below and mure resistant shot c* 

With w aning development, flatter and flatter slope unit* approach die 
rock mass flfrero helow. Therefore flattening progresses more and more 
in its neighbourhood, and so the breaks of gradient at its boundaries *e~ 
come ever blunter. A comparison of the slope positions 3 and 7 brings 
out the diminution of the feature which is interrupting the slope- 
caused hv the exposure of rods B* This interruption can disappear only 
when the lower part of the dope (in rock A) has reached the smallest 
possible gradient and therefore has been removed from further denuda¬ 
tion. Then the flattening in rock B catches up with it, Jlut even before 
that, the disturbance in the slope may not be noticeable, f his occurs 
when there is little difference in the resistance of die rock materials- 
Here is an important general relation: Jl dope units occur in rocks O 
a varied nature, the difference in gradient for a given difference in^roc' 
resistance is greater, the steeper the mean gradiem of the dupes. Since 
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this mean gradient U an expression of intensity of denudation. I he above 
statement means; the more rapidly denudation is effected, the more 
markedly apparent become differences in the character of the rock. 
Adaptation of denudational form to crustal structure it a function not onh 
of the Juration (p, 49) but above all of the intensity of denudation. There* 
fare the way in which the character of the rock causes subtle adaptations 
in individual forms m, for example, in the Alps (steep relief) is to be con¬ 
trasted with the far-reaching independence of crustal structure found in 
peneplain* (fttttish relief). This independence in by no means complete, 
as the above investigation shows, and as is apparent to the eye, but it 
causes interruptions of gradient to become imperceptible when they arc 
due in small or moderate differences of resistance in the rocks. On the 
other hand, the greater differences of resistance are by no means wiped 
out morphological I v from ponepLined landscape, but are preserved as 
com ex prominences standing out where the most resistant types of reck 
occur. In American literature they are termed mtmadnodts; Gorman 
v. ntnigs use the far better expression coined by Spethmann Hirst- 
ling**** 

^ Jiifcht iiL!> in 1 he rotk arc \u$s than lias hcen assumed for fig h 

10, lltc stTVCtiira! base levels of denudation form more obtuse angles - To 
convince oneself of this, suppose that in fig. 10 rock fl {but not reek A) 
possesses a slighter resistance. Then slope unit JI „f maximum gradient 
is less steep than in the figure; and so it joins the units above ami Mow. 
the steepness el wInch is unchanged, in more obtuse angles. This is tree 
for all the developmental stages in which flatter and flatter portion* of 
slope approach the rock boundary A-H. In a more advanced stage the 
concave and convex breaks of gradient, which interrupt the slope at the 
rock boundaries, become still less noticeable than in the diagram Taking 
8 certain mean gradient, e g. that in fig. , 0 . the structural breaks of 
gradient arc more obtuse, the smaller the differences in rock material- 
and when there become nil, die breaks disappear altogether, he. the 
slope Jibs a uniform gradient, uninterrupted by any angle on its surface 
whether WtmtWrt Of salient. For a git^t gradient of medium slope, the 
adaptation of tndmJual forms to crustal ttntcture is mare pronounce J the 
Errata- thr diffamtr in roek rfnttdfirr. 

Among the innumerable and v aried combinations of recks of differing 
resistance, one group has for long brer, specially noticed on account of 
the cnnupicumiH features associated with it: the alternation of hvera of 
dilierent renstanne m flat-bedded [i.e. unfolded] strata. They lire the 
prempireite for the formation of a special type of hud form, tcarpiands, 
and item to afforvi the *.mpUst illustration of the mnw strict adaptation 
of individual farms to the charade r of the nvlt. The example nfsearp- 
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lands wltich has been the mast studied and commented upon is that he- 
twcen die Fidudgcbirge anti the Black Forest. Resistant strata ofTms- 
sic and Jumi.-ic age. mostly permeable rocks with considerable cohesion 
and stability, form steep escarpments of varying height and different 
gradients; and [jetween them lie widely spread, daitish landscapes, [>ene- 
planea, extending over strata of It-** stability, usually impermeable and 
mobile sediments h rich in clay content. Near ihc step below liicin, these 
reach mix on to the firm rock of die wep. It. Gradmami has shown 1 * 1 
that these pen epl vines arc no peneplains in Davb r. $ensc; and dial die 
steps arc not tectonic formations arising from or coinciding with slcxure* 
or faulty as has often been stated 1 though this view is in but slight accord 
with tile facta observed. Bis conception of the part which denudation 
plays in fashioning scarplands lh an important and far-reaching ^tep 
forward a* compared w ith other less satisfactory cKplanadons. He thought 
that pc itep lanes developed from the- lowering and Hat toning of the ridge 
crests between deeply incited valleys, during a period when erosion was 
at a standstill. 

It i& only over ilita concept, already considered on p 142. that we will 
here linger. A period when erosion b at 3 standstill Implies a fixed posi¬ 
tion for the general base level of denudation. Fhi* lias been assumed in 
the simplified profile of tig, 11. Above its foot t ri*es a slope t 1 which 
extends over the almost horizontally bedded strata ti and b t tiiiTrrihg in 
their powers of resistance. It has the great^t gradient possible, For sim- 
pUdty s sake, it has been assumed that all the layer, marked * and all 
those marked h behave in the same way with respect to each other. 1 tow- 
ever, u, r is a water-bearing horizon, which the higher *i beds arc not. 

The construction fnust once again be based upon definite quantitative 
assumption* as to the intensity of denudation, I here can be free choice 
of the valors, without any effect upon the qualitative result. But it must 
he borne in mind that, in the more resistant locks, denudation needs a 
lunger time to produce a slope id" diminishing gradient of specific in- 
clmalion than in the less resbtiint surroundings* I bus, within a definite 
period of time, the slope uf diminishing gradient produced in the more 
mUtanr bed* is steeper titan that on the other* The greater* therefore, 
the difference shown in the angle* of inclination of the ^Io|te units at the 
same stage of developments the greater arc the differences in resist a me 
that hnve to be assumed to exist between adjacent types tif nock. A cer¬ 
tain margin is allowable in tisia, but once the differences art settled, the 
angles of inclination within die respective Jiotics of rock must be kept un- 
chftnfjed. The type of like requiring form of the slope docs not depend 
upon that choice, but only the actual gradient of the dupe units com- 
posing ii at a definite moment of time. This blifer does not concern us 
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litre* For the sake of clearness, the profile Iras been simplified in ;i 
maimer which jri no wav affects the result: tit cadi space between tw«> 
rock boundaries, i.c, within each zone of independent development, 
when concave profiles appear, an infinite number of slope units has not 

been drawl.ir even a great many, but only a fetv, and thus there seems 

to be a greater difference of gradient between rbem than there is in 
reality, Hence the Con cave breaks of gradient appear relatively sharp; but 
in nature there is a continuous curve and nut a sharp rod. at these points. 

The profile can now be understood. According to assumption, rhe ori¬ 
ginal position ( 1 has rhe maximum gradient in ail its parts. This is 
steeper in rock b than in rock a. Because of its specific intensity of denu¬ 
dation, determined b> the gradient and by the Characteristics of the rock, 
each of these parts of the slope would be displaced updopc bv a definite 
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amount in unit time, leaving behind a norma] slope of diminishing 
gradient, For the a layer*, these amounts may I* seen in the first three 
positions. For the assumed character of the rocks, these amounts are 
greater than the spontaneous recession of the maximum slope in the 
/ones b. In the lower layer of b, this become* visible only in position* 
+ ■*; in the upper one, in positions 4 to l(sic) ? 13-16]. A normal *Jope 
of diminishing gradient, however, can arise only in zone a, i.e. the 
water-bearing horizon; since, in the first place, here alone is there no 
undercutting ihrough the recession of a slope unit occurring below ; and 
in die second place, die development is not influenced by the layer above! 
I or the water content makes the rock mobile, in so far as it contains 
colloids, thus allowing it to slide away, and die lover above simply breaks 
od m a corresponding amount. Landslide* (dumping) (p. roH brought 
alKiut in this way outstrip the spumanmis denudation occurring in the 
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layers above u um and push the whole step bock while maintaining its maxi¬ 
mum gradient. There is deceleration as soon as the slope of diminishing 
gradient / x has extended up as far as the boundary between and ft. 
Along m slighter mclmathm the material, assuming a constant water 
content r slides uver a smaller area, moves more slowly arid its migration 
daeken*. From that lime on* all the slope units of maximum gradient, 
occurring above, move hack into the hill aide, each at its own charac¬ 
teristic rate, which for the ft layers 1* less in unit time than before (since 
there is now no powerful undercutting). The breaks of gradient asso- 
dated with the rock boundaries are displaced at □ slower rale, and so 
concave partial profiles appear within the individual rock horizons. Ab¬ 
normal conditions may arise temporarily, if denudation works more 
quickly in a zone of mobile reck and maximum gradient (such as n*) 
than in the mure resistant layer (ft) above it. If, however, a is deficient 
in colloidal substances or In water content, rtc. t it cannot slide away 
from under ft. In a similar way and for the same reasons as in the rela¬ 
tionship tat ween reck wall and basal slope (p. 140), there arises an exten¬ 
sion of ihc strep slope downwards, and the sharpest concave curve is no 
longer found on the ruck boundary itself, hut below it {mm a v positions 
5“ti)* This can ta observed in the pediment of cuesta scarps: the Ims 
resistant underlying heeb with over?ti:epcn«i surface gradient often 
bliartin their coa^tmclkm. 

I he problem here examined is ;i. special case of waning development. 
In course of rime die whole slope system becomes flatter*** and acquires 
a concave cru^s section. With this, the disturbance of profile caused by 
petrographic differences becomes less and lees. The stepping of the 
slope disappears, first of all in its lower parts (see position 34}. Denuda¬ 
tion reaches its goal earliest in the ndghbourhood of the genera! base 
level of denudation; here the dope unit with the smallest possible 
gradient (r r) appears fires,. [JnJfl that has readied up to the lowest rock 
boundary (between and ft) and ibe undimcuttinc of the upper stratum 
ceases, there is no possibility of its formation in ft. The steepest slopes 
last Inngcst in ihe highest pam> even if tkicsus cmvrint of but slightly rajs- 
iant fuels. The gradient is then smaller than if ferisfcant types id reek 
formed the height? CrmUrfueHtty rl fir impeiHi&tr far the mirphiml prrtr - 
plntra; to harr rtmrn t during #r tin, n- r ihcn rrart&n terra ut cl standstill* by tht 
flattening of the ridgr crests while the steps were presetted. An extensive un¬ 
dulating landscape of the peneplinc type cannot develop out of a high 
upstanding ridge crest by surface denudation alone. Instead, With 
waning development a ridge crest never iiccomcs anything but a ridge 
oest t sharp-edged if hi cep slopes meet (see position 13; F S is the per¬ 
pendicular dropped from the ridge). or rounded if gentler slopes 
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intersect, Such would occur in a Mine nf but slightly resistant rock which 
had reached a far advanced stage of flottcuing; c.s, position 22, j j 1 being 
the perpendicular dropped from the ridge. 

This brings us dose to the problem offered by the cucsta landscape. 
The sharpness of its scarps, of the lowest as well as of the uppermost, 
demands continual renewal of the structural base levels of denudation, to 
at least the extent of remaining the same, and that during the peneplana- 
tion of the differences in level between the individual steps. This renewal 
can be brought about only by a network of eroding water-courses which 
are working so as at least to preserve the slopes arising from it. The 
wr> formation of pcneplanes demands the existence of a drainage net im 
them. This takes over, or look over, the part of general base level nf 
denudation tor the denudation and development of the llattish slopes 
occurring where the rock had but slight resistance. Uut if such 3 drainage 
net exists, or hit existed, there must have been from the verv first the 
possibility nf its development, even in die region of rocks of slight resis¬ 
tance over which the stepped peneplains’ extend. That presupposes an 
original surface on which the ‘soft’ strata outcropped between the resis¬ 
tant layers and offered plates upon which a stream system could develop. 
R, (iradmann has derived the scarpbnds from such an original surface 
[see his prolife, ten. tit, p. 127), correctly, as is shown here. It is no mete 
construction, nor only a theoretical necessity; but fragments of it are still 
dearly recognisable at the present day. The previous existence of a sur¬ 
face, which cm across the outcropping members of the whole set of 
strata at an acute angle and from which the sear pi and was carved out. is 
a fact. That surface, of course, was not a peneplain. 

The existence, dde hy side, of scarps and of widely extending pent- 
plane* between them presupposes the individual pans of the drainage 
net to possess different values as general base levels of denudation. In 
this respect there may be distinguished: (a) the main branches which 
could cut through the scarp ridges, i. c , which arc incised below the out¬ 
crops of the resistant layers m the foundation beneath ihe pwreplunt sur¬ 
faces, and JXMaos a direct connection with the general bast level of 
erosion lor the area; (A) the ramifications on the penepbnes themselves, 
which erode more slowly, or not at ail. above rhe Outcrops of those 
luimon* by which they were once, or are still, held up. It is in relation 
U. them dial tile further modelling of the pent planes, as well as the 
recession of the fund upstanding scarp fragments, takes place 

Thu* the character of the rock, which determines not oh| v the surface 
denudation. I ut cvm more particularly the erosion, is responsible for 
the origin ot pentyl me* m rh. .rarphmd*. Other thing* l,dm; equal the 
in tensity of both denudation and erosion lS lessened where resistant types 
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of rock occur, and thi* leaning nuty have a far-rtsustung effect in a less 
resistant terrain above the outcrop of the strong rock. Flattbh forms, 
penep lanes, uru produced not wily in scarp binds, hut also with y different 
arrangement of rocks provided the strong rock lies below, the less strong 
on top. When they are directly connected with the outcrops of resistant 
rock (structural base levels of denudation) they are developed only at the 
margins [of the less resistant ht-Ji,]. Elsewhere* however, and this is the 
usual cast* these penepLaties arc related to a drainage net [general base 
level of denudation), tile downcutting of which is retarded, or may in 
the end be practically stopped altogether above the place where it meets 
that particular outcrop. Such structurally conditioned pencplancfi imy 
originate at any altitude. They depend only on the arrangement of the 
rocks and their properties, and are independent of the base level of ero* 
HsuEi, They are not forms belonging to an earlier state of affair*, tlun have 
acquired their present altitude anti general position in the surrounding 
landscape by gome definite endogenetic movement; hut they are adapt#' 
tions of form to crustal material, -uid zs auch they arc of the same age 
and have the same significance as the steeper forms, developed near by 
in the lower position, H> Clous has pointed out these relationships in his 
description of Erongo, a South-west African insdberg 11 *. Extensive flax* 
tbh landscapes arc found above the steep outer dunks ot the mountain 
anil She slopes of these face the source region of a stream system which 
origitmira In the height^ b impeded in it* downcutting by resbumt 
trad# of rock and, below these, leaves the massif in deep, narrow gorges. 

The features of adaptation arc no ka 3 characteristic when the different 
kinds of rock are arranged beside one another instead of uiic above the 
other. In valleys, which cross successively rocks of different resistance, a 
noticeable change in the valley cross section gow hind in hand with the 
change in rock material The less resistant the rock bmmdmg the valley, 
the lew the ircdmatioti of its sides, and so the valley width seems grra ter. 
This holds even when the intensity of erosion is the same at every' place. 
In w hat follows m> account is taken of the inconstancy of ernsiona! inten¬ 
sity which is found along all w ater-courses* e.g. as seen in the alternation 
of undercut and slip-ulf slopes. 

For a given intensity of erosiofti the sections of the slopes rising above 
tile stream, in the Lee* resistant rock a w are flatter than those in the adjoin¬ 
ing stronger rode 4* In both cases tbd slope unit* Lire at the same stage of 
development Thu differences of gradient lie tween them depend solely 
upon tlw difference* of resistance Iwtuccn n and b. With increasing in¬ 
tensity of erodoti (waxing development) dope of maximum gradient 
finally appear. These are less sleep in 0 tliart in A P and therefore appear 
in u sooner than m If a has already reached ita maximum gradient. 
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whereas b has nut yet achieved it. increasing intensity uf erosion brings 
about increasing undercutting, and consequently die a dopes recede 
vigorously uphill. They intersect in the highest pans while, in b, stapes 
which are becoming still steeper develop above the stream. Convex pro¬ 
files (in b ) are then visible beside straight lines (in ti). If finally the b 
slopes meet in ridge crests, these because uf their greater ststpntss— 
are relatively higher than the ridges in the region r>f rock a. 

The relative height is dependent on the nature of the rock material, as 
haa bom lung known ami as can be observed everywhere in areas of 
heterogeneous structure, e.g, in die northern Limestone Alp, When slope 
units at the none stage of development interneet in the highest parts 0/ the 
emit:try, then, other things being equal, the relative height in lets resistant 
racks ir not to great as in stronger parts round about. This is particularly 
clear in cases when the intersecting slopes are un the whole straight (uni¬ 
form development and undercut slopes of maximum gradient). 

w ith waning intensity of erosion, concave slope* appear first in rock b. 
They can be seen beside the straight a slopes until erosion has been de¬ 
celerated to such an extent that even in rock * slopes of maximum 
gradient cun no longer be preserved, 

Whh i}l * chutl S e in Txk material, changes come about not ontv m the 
gradient of Use slopes, bat at certain stages of dersttopnmti in thei, shape also, 
l Irn is true in area* where the character of the ruck varies, both when 
the intensity of erosion is constant and when it fluctuate* Such eondl- 
110ns obtain when the rock boundaries Jo not cross the si ream (which 
may follow a line of disturbance), or where the change of resistance to 
denudation over the whole surface, associated with the rock boundaries, 
d,** nm ii» imply a change of resistance to erosion. In many instances 
this is not the case. Very frequently, especially if there are differences in 
the strength (cohesion) nt rocks, the intensity of erosion is affected m a 
manner analogous to that of surface denudation. It i* this above all which 
accmims for the often deep-seated difference found in the shut* and 
mdiiwwn Of the slopes along streams cutting through rocks of different 
Strength. A short reference must suffice here. 

A bank of rock, which is particularly strong as compared with its sur¬ 
roundings. may fescD the daw-netting of 3 stream in the whole read, 
lying above and may have .1 [wring influence. The adjoining area of 
denudation [upstream] acquire* rite concave forms of waning devdop- 
mem, and in «h« Way differs fundamentally from the react* lying im¬ 
mediately below, The Ires the strength of the rocks concerned, [he more 
W Joes waning Mppment make in the ares where erosion is 
1 becked (but not brought ro a complete standstill). The corns ve «W 
vystems then recede far back from the edge* of the rivers. T his effect in 
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combinatinn with the increased meandering which takes place in river* 
with impeded erosion* may lead tu extensive removal of readily mobile 
rock mat trial. The removal ai the Neogene beds from the broad syjiclinc* 
of western Anatolia is due chiefly to these processes. There, the hind¬ 
rance 10 erosion starts at those sjk>is where the rivers enter the border 
scone of the broad synclinea. w hich has been uplifted by tectonic move¬ 
ments, and consists of strong crustal material. 

In Lheir origin 1 the ledgerlike denudation terraces. A. Hettiter*$ Land- 
terr&. rjffll* 1 , ako belong here; they ore associated with the courses taken 
by running water (he they are in valleys) and with the boundaries be¬ 
tween flat or horizontally bedded strata of different strength which the 
water has laid bare. The moat famous example is that of the platform of 
the Colorado Canyon 1 ”. Such terrace occur regularly in acarplttmbt, in 
dose connection with the peneplants which they continue as ledger along 
die side of the deeply incited valleys iniu the region of the m\i higher 
scarp. The necessary condition for the formation of denudational ter¬ 
races is that an eroding stream should, at one and the sante place. lay 
bare, one after another, rock types of different strengths Their further 
independent development depends upon the way in which this stripping 
takes place, and on the character of the rocks. Schmitt hen ncr 1 ** has 
recently given his attention to this in the northern part of the Black 
honest, and R. Gradmann in the scarplandt (set p. 171 If.). 

The importance uf the adaptation of denudational forms to the charac¬ 
ter of the rocks cannot easily lie overestimated; for the characters tits of 
the individual formt, as well as their arrangement, depend to a large 
extent, a* has l*een shown in this section, upon the nature and distribu¬ 
tion of the rocks exposed at the earth's surface. It will te of great im¬ 
portance. therefore, no w and always, to examine those processes which 
effect the adaptation. It may also contribute to further clarification of the 
processes* of denudation. It must be borne in mind, however^ that these 
art matters oe detail, modifications, and not the fundamental law* of 
denudation and land sculpture. The adaptation is only part of the feat¬ 
ure; it otevs the general taws of denudation and presupposes the causes 
which make denudation possible at the surface of the crust. I Him fact lips 
often been overlooked. 

to. SUMMARY 

If k now possible tu give & complete fturvcv of the origin and develop* 
ttiem of slopes. Above si reams, 10 whatever extent they are incising^ 
banks grow upwards and become valley slopes. During their formation 
ihey are subject to denudation over the whole surface; arid tbia, eel its 
effort to remove the slopes, work* everywhere in the dire cum* uf 
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lessening the gradient. Tin- smaller the amount of erosion in unit time, 
die longer it takes for inclined surfaces to arise from the cinsinTud tracks, 
ami the greater the chance for (he simultaneously operating denudation 
to come nearer to its goat. On the other hand: the quicker the downward 
erosion of the it ream, the greater the speed with which the valley sides 
grow Up dxjvc them, but the farther from their goal do the efforts of 
denudation remain. The intensity of erosion determines the gradient of the 
slopes Thing above the drainage net; the details of their form then depend 
upon tht character of the rocks concerned . 

In particular it has been shuwn that dong the lines of the drainage net 
—the general base levels of denudation —fresh slopes of uniform gradient 
arc always arising; their denudation is in equilibrium with the intensity 
of erosion mid must always hi- so. If the latter changes, a new slope 
necessarily appear* with 4 gradient such that the above-mentioned 
equilibrium is maintained. Wills in creasing intensity of cnismn, steeper 
and steeper slopes urire; with decreasing intensity ,'they become flatter 
and flatter. Between the successively formed sections of the slopes, 
breaks of gradient appear. They denote the levels to which the denuda¬ 
tion of the uniformly indined surface above each is related; they are the 
nearest (local) base levels of denudation. The surface of uniform 
gradient together with its base level of denudation make up one slope 
unit (i.c T form system)*, 

Continuous change of croaional intensity foods to tile formation every 
moment of a very minute slope unit. The breaks 0/ gradient do not be¬ 
come visible as such, but a continuously curved dope takes the place of a 
slope system composed of many slope units, It is concave with decrease 
and lialt ol eroaonal intensity, and convoy with its increase, continuously 
“nves only so long as thore breaks of gradient, which subsequently 
an«. have not yet appeared [see % 7. p, ,y8). In both cases there are 
ia «* lormution of new slope units: the slopes can become steeper 
only tip tu a maximum value which cannot be exceeded arid which b 
determined by the character nf the rocks; the flattening (diminution uf 
gradient) cease* with the appearance of the least possible gradient, on 
which further dcniidjihon cun no longer Like place. 

The intensity of denudation w hich, for rocks of the given character 
depends upon the gradient, is specific to each slope tm j L am | determine 
its rate of development. All slope onus, except those which are hared 
upon the interruption of a slope because of a change in rock material -ire 
produced nt the edges of the streams of the drainage net, and it b here 
ib.it they obtain their H**ilte gradient. Maintaining that gradient to 
,1,111 back parallel to themselves. In addition to this, each slop^ unit 
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grows tips!ope* and a\ the same time it is shortened and finally replaced 
in the highest part of the slope by the nest lower dope unit which is 
always younger, having originated later* As a result of this behaviour the 
breaks of gradient which separate them, i.c. the local base levels of denu¬ 
dation, move in the same direction. Any slope unit which can at the 
present day be observed in xht highest parts must—unless it belongs 10 
the above-men tinned exception—have at one time k mined lately Lid joined 
m respective erosion a! track in the same manner ami with the same 
gradient. 

The sutteishn u«f above the other of slope twits tritk different gradients 
provides a srnrithe mttfm ofup the trmimnd intensity *Jl a definite 
plate: ri ftmi ex slope is proof of tin inmost in rrmiatMtl intensity* 41 concen t 
form proof 0/ dec reuse Changes in rock maicrisii may produce deviations 
frcuii the normal form of slope. However, these do not obliterate the 
concave or convex type either everywhere, or permanently, and do not 
interfere with the Pureness of this diagnosis. But it must he l>omc in 
mind that in many cases—always for waning and uniform development 

the majority of the older slope units in the highest parte haw already 
disappeared and been replaced by their younger successors. Even for 
waxing develop moil, preservation of the oldest slope units js by no 
means the rule. Therefore, for a given area, the form of the slope does 
not always record die whole of the development up to the present dav, 
but generally only the last phase of llue rational! intensity. And so a 
complete investigation into the Fact,- must take into consideration further 
characteristics, especially as regards the rorreUtcJ deposit** and the 
surface* on which they rest 

Upon investigating the conditioon associated wish change in erosion a! 
intensity and its causes, it becomes quite clear dint the form of (hr slope 
ii of outstanding importance as a means of diagnosis. It also help* in 
deciding the- often discussed question as to hem the drainage net of the 
German Highlands has created its present lisiblc effect, the valleys. 
There is no lack of answers. 'The problem arises partly because of the 
small amount 0/ erosion which can tic proved to he taking place m the 
present day; partly IvccauiU! ihc changes along the drainage net since 
glacial times are noticeably mshtmficant compared with the total extent 
of the existing valley development- From tins evidence it has, on the one 
hand, Ix-en deduced that erosion is working continuously but at a rate 
which might he considered infinitesimally slow as far m> one call judge; 
on the other, it has been presumed that ihen- is variability of erosion, 
especially in view of the way in which normal conditions are interrupted 
by periods of flood which occur only occasionally but are responsible for 
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practically ihc whole of a river's work, livery river, at least in a temperate 
c]innate* first of all works rapidly towards a preliminary goal; only to con¬ 
tinue its almost completed task by merely stagnating, as ai the present 
day 1 **. According to this view, the German Highlands should possess 
the forms associated w ith a great acceleration of erosion, i.c. they should 
he characterised by ridges of a II aliened appearance, their flanks having 
sharp curves down to the valley bottom; and at their abrupt foot they 
should Jibow the beginning of waning development. 

Such profile* do occur. They arc characteristic of the small furrow* 
which originated in very recent times, or arc now in process of forma¬ 
tion, on the flanks nf trendy incised valleys. But an entirely different 
type may be noticed along those parts of the drainage net which have 
shared, for a longer or shorter time, in the tectonic history of the rnid- 
G crown nse. Within each drainage system, sones can be very dearly 
marked off according to the form nf slope* which alone Is being con¬ 
sidered here. There are those in which the main amount of erosion a 
thing of the past; and these are separated from others where the gradually 
increasing Intensity of erosion has a present value that has never yet been 
exceeded. The multiplicity of the phenomena shows the need for specific 
investigations instead of incorrect generalisations. 

To sum up: Any wearing away of land over its whole surface, if 
not due to moving air or moving icc h is connected with the action of 
permanent or intermittent streams. The pnihlem of the gradient of a flop? 
turns out to be n question of erosion al intensity. When individual regions 
possess slopes with a specific mean gradient p this characterises them os 
zones in which the erosinml intensity has a definite mean value. The 
question then arises aa io what conditions decide this, Tht problem of the 
form of the slope has been traced back to the way in which the erosjonal 
intensity developed with the passage of time. What mu at now be 
vestigated is why this should have increased in the one set of land 
regions, characterised by con vex slopes, arid liavc decreased in the other 
where concave slopes predominate. 

On the whole, it appears that thr sculpturing of fami forms by denudation 
Ufundamentally hiked U* thr psabltm of int entity a/tumm- 
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LINKING OF SLOPES, FORM ASSOCIATIONS 
AND SETS OF LAND FORMS 
i. OCCURRENCE \ND COMBINATION OF CONVEX 


AND CONCAVE SLOPES 



y itself, denudation over a whole surface can produce only Concave 


opes, Differently shaped profiles appear only when erosion takes 
pan in the formative process, Erosion, as will lie shown, is a prows* 
which varies from place lo place* and from time to rime, and is limited 
in space and time; on the other hand, denudation over a surface operates 
everywhere and practically continuously. Hence concave profiles arc 
definitely the predominant ones. They me the mntwi type t?fform. How ¬ 
ever, they cannot he the original primitive type, for they arise from slopes 
leading down to a drainage ner that is entrenched in the crustal struc¬ 
ture. And these slopes are not parts of m original erusral surface, such as 
might he supposed to cover a rising fragment of tile earth's Croat: but 
they are the Hanks of sharp erosion al incisions. Each concave slope pre¬ 
supposes a phase of development during which erosion set in and ad* 
vanced in mmc maximum before coming to an end. In shoo: waning 
development implies previous waving development. Concave sIojjc* 
should therefore grade upwards into convex profiles. This in fact is the 
usual form of slope, e.g. in the German Highlands along those valley 
Stretches where concave slope* me from streams eroding Lit a diminished 
rite, nr that have now censed to erode at all, provided that these slopes 
have not already removed those of preceding stages* and so reached up 
to the intervalky watersheds. This simple mmgfem&m b specially 
typical oi reaches in the upper courses Lind head waters of the drainage 
net found in the German I lighlands and of the belts of dissected Meso¬ 
zoic strata between them. The phenomenon is not peculiar to the Cen¬ 
tra] German Rise, but occurs all over the world and prints a definite, 
general problem: whai arc ihe cause* leading, at Uim place*, to periods 
of accelerated erosion followed by periods of decelerated erosion 5 

The question U the same for ihr terrace?* stepped series of shelved 
which here and there divide up the valley dopes and which have ori¬ 
ginated from former % alley tluora. They consist of several alierauixiig 
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con cave and convex profiles one shove another; and in the first place they 
signify merely a repeated change from acceleration to deceleration of 
erosion along the valley stretches concerned. In the region of the Centre] 
German Rise, terraces are found chiefly along the main lines of the drain¬ 
age net. On the slopes of the Highlands lltey can be traced from tile 
heights down nearly to the deeply entrenched valley mouths. Rut there 
they often disappear completely; and the stepped slopes which, as they 
approach the valley floors, have their steps ever closer and closer to¬ 
gether, arc then replaced by uniform convex slope* or by steep slopes of 
maximum inclination. Moreover, this behaviour is a general feature 
where terraces occur, and shows dearly what a complicated problem is 
presented, justice is by no means done to this complexity in the usual 
interpretation given for uplifted terraces, viz.: uplift—erosion, then con¬ 
ditions of rest, followed by a renewed jerk of uplift —erosion, etc. Such 
an interpretation results from the faulty premiss: uplift, with denudation 
setting in only after this has been accomplished. 

Concave and convex profiles appear not only above otic another but 
also adjacent to each other in one and the same form association. 
Wherever the valley floor is not Completely occupied by the stream be¬ 
longing to it, this change is brought about by the inconstancy of the river 
meanders. They dn not always touch and undercut the valley slope at 
one and the same sjmt, but they shift the undercut slope downstream. 
Where undercutting occurs, whether the erosion is solely lateral nr is 
combined with downward incision, dopes of maximum inclination ap¬ 
pear. or else convex ones: dost hy, at those parts of the slope which the 
stream just foils to touch, concave profiles develop. 'iTie occasional con¬ 
vex profile found in % alley stretches where erosion has slackened, ur even 
ceased, are of this type. As 3 concave profile is the determining morpho¬ 
logical dement in such conditions, the effect of these convex ones is 
never very marked. Conversely, concave profiles are not impassible in 
valley stretches where increasing erosion is in full play and convex alopo 
are predominant. Tht individual slope profile has a diagnostic meaning 
only for the particular pldee at which it occurs. It reflects tht count of erosion 
there. It does Slot, ho&ri ft, say anything about the dnelopnumt of erosion 
within the whole set of land forms to which it belongs, let atone about the 
dnetopsrient of the whole tectonically uniform block. In its mdkiduat parts 
this may hm t entirely different types of denudational relief, to me of which 
this pat ticulas profile belongs. 

Thus attention must lie focussed on that type of land form which by 
>t* constant recurrence gives the characteristic imprint to the form 
association. Slope profiles are very often combined in such a way that 
those niupitii; towards streams of the same type or of equal power are 
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consonant with one another* and fundamentally different from those 
which accompany the branches of a drainage net belonging to a different 
order. Plate III, illustration shows very clearly that main slopes arc 
concave:—obviously they are growing up from a general base level of 
denudation which is falling at a diminishing rate or has already Imjmc 
fixed. It iurther snows thsi they are dissected liy gulteys which arc 
vigorously deepened whenever water runs into them, so that they are 
bounded by convex curves. Here the eroding lateral tributaries non t nun 
with the main line* of the drainage net where erosion has ceased. This 
arrangement within the form □ssodsilion i- extremely churacu rinirc for 
certain regions. It is* for exampkv found regularly along the wide- 
floored main lines of the valley network in ihc Central German Rise (see 
amongst many others, the Wuppcr and Salza valleys in the Mans tel d 
district, the valley of the Mulde coming down from the firzgebirge, the 
Saale valley above Hof, etc.). Here concave slopes ruse up from the valley 
floor*, and these completed slopes are the inclines on which new Lateral 
tributaries develop. A& is worked out in a later section, these side branches 
are intermittent watercourses, or they may even already ha\c become 
perennial: and their immediate Uase level of rmrion i.-i pmciically fixed* 
since 11 is the floor of the main valley which is not now being any further 
deepened They have to catch up with .ill the eraumi already accom¬ 
plished by the main river. They are outside any aidogcnetic influence, 
and tmhke the main rivers they did not receive thrir impulse to erode 
from the uplift nf the block on which they flow. Ins read they behave tike 
streams which do their work on a motionless block, with an intensity 
determined by the already fixed gradient. Here, this i* quite a significant 
amount relatively. The dnwncutting of these tributary streamlets, there¬ 
fore, attains a considerable intensity * and so convex slopes arc formed. 
These clear connections, however, do not really touch the problem, 
which is concerned with the arrangement shown by the form associa¬ 
tions. The convex slopes of the tributary furrows, which have frequently 
developed into extestsive branching ays inns, may irnc a characteristic 
appearance U* whole tracts of country. As one \iszm around, the most 
anticeable feature i?. (he cnnstajfctly repealed r minding uf convex profiles 
appearing above iliem, and, in comparison, with this, the concave dope* 
of the main valley tracks fade into the background, increasing density of 
the valley oci + pr^diiL’d by the headward recession and ramification of 
tributary furmvv^ is obviously in full course of development here. Thb 
ix a feature not found jn other regions in which there i* equally pro¬ 
nounced vertical dissection but where the concave forms of waning 
development arc m full possession and characterise the tributary ndleys 
as completely as the main ones. In such places increase in density of the 
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valley net seems to have come to an end. No subordinate furrows art 
developed on the completed valleys slopes, or only a very few: and here 
it h not the convex slopes which predominate, hut concave profiles do so 
absolutely, Ihe core of the prvtdr jti lit r s therefore in s/tr question of the dfr- 
sectimi into valleys and their increase in density „ r> r the development of the 
valley net. I si the one ease, the slope-.-- of the main v alleys* on which 
■dissection into minor valleys begins and progresses towards the inter- 
valley divides, are not very old. Their doors- the base levels of erosion 
for the backward working tributary furrows—have not been in their 
pre-sen! position* very long, and it is only a relatively short lime since 
waning development began in die main valleys. In the other case, 
the practically fixed positions of these main valley floors were reached 
fur earlier, and did not undergo any later changes. 'Hius ihr dissec¬ 
tion of their slopes has practically reached the interval ley divides; and 
now the tributary furrows, which at one time were vigorously cutting 
back, arc also entirely under the sway of the waning type of develop¬ 
ment. 

In regions like chat just considered, there i@ only one type playing any 
important part in the form association, in this case the concave slope. 
Wc may therefore speak of uniformity in the set of land forms in eon- 
irasi to the combined or mixed features in that of the previously men¬ 
tioned type. One of Lite most noteworthy facts shout the earths surface 
if that cadi of these types occurs in arras that are separated from one 
another. 

As an instance of a type which fits in here, wc may consider the Scarp- 
lands, discussed in i different connection on pp. 170- 175. 


a. CUESTA LANDSCAPE (SCABPLANDS) 

This is not the place to go Into details. Let us consider the following 
general features tbit may he observed in satith-west Germany: In the 
region of the watershed between the uppermost reaches of the Danube 
and the Wutach, we come aeros* only two units* (r?J The gentle uniform 
eastern slope of the It lack Fnre*t K which—span from the valleys sunk in 
it—shows no division into parts except on dose examination, when tme 
discovers a stepped effect {not* however, scarp} an ds) which will he con¬ 
sidered later (p. coif. (A) The Malm scarp, the con tin nathm of the 
Swabian Alb, which, as we shall see later on, U a tectonically indepen¬ 
dent block. The outcropping Triassic-Jurassit: horizons between them 
are never associated with denudation scarps, although the scries of strata 
possess throughout ihe special character suitable for producing them* 
Th« can easily be mn in the neigh! mu rhood of the Wtitach, which is 


SCARP LAN7>£ 

eroding comparatively vigorously; the deeply sunk valley is bordered by 
denudation steps, the beginnings of a scarp landscape, and they are 
Formed by the same stratigraphical horizons ot die l pper T ria$ s, I f<*chi - 
tenkalk and Htubefisandateiii), i 3 je Lwrer Jurassic lArietcn- and Psilo- 
itdtenbalk of I-tai?) and the Middle Jurassic ("R hutaffe c of the Sauzci 
Zone) which immediately to the north have nut yet led to scarp forma¬ 
tion. There, Apparently,'the essential preliminary condition is lacking: 
the uncovering and constant renewal of the structural base levels ul de¬ 
nudation by a drainage net which is eroding, or has at some time eroded, 
with the rather considerable intensity typical of the W ntaeb or ttie 
Nectar. Thus very old denudation forms have been preserved on the 
heights between the valleys, which are not incited; and these are Frag¬ 
ments of that surface into which* further north, in the drainage basin of 
the Nectar, the scarp landscape has been entrenched, and from which it 
has been sculptured. 

Somewhat eastward of Donaucschengcn* between the dope of the 
Black Forest and the edge of the Malm receding from it northeastwards, 
there liecomc noticeable-^mtire nr Jess clearly as the Neckar system is 
approached—the first indications of scarp stepSg still gently inclined 
(Arieten- and Ptifotmtenkalk of the Lias *, to the north, in the region of 
Schwcimingen* in addition to the Truchitenkaik and Stein merge! band* 
of the Gypskeupor am! Sanzei beds). This is the entrance into the hearp- 
hnds which stretch away in constantly rqwilled, characteristic forms 
from Lite summits of the northern Ulnck Forest and t!bc Hunter Hand- 
stone of the Odenwald to the distant edge of the Malm t>curp t*eril out 
far to the east, and reach beyond that* cast of the Franconian jura, up to 
the edge of the Bohemian massifEverywhere m this region two essen- 
tklly different parts of the drainage system stand opposed to one 
another: f«) the main trunks with their abundant water supply: the Main K 
the Nedtar, and their larger tributaries, which arc entrenched in the 
Mrarpbiui and so have cut through the scarp-forming horizons white 
above them, close at hand* there occur llaltish form associations* often 
stretching out as wide peneplain, and (A) the ramifications, scantily sup¬ 
plied with water* which lie on the high surfaces of such f>enephincs near 
the sources of the streams and thence work hack toward* the edge of the 
next higher scarp* which they dissect into [utves. Fheae branched end 
downstream with a brenk <>/gradient in th* longitudiwl prt>plf r connected 
with the same stratum as gives rise to the scarp in question* ami the 
associated denudation surface uf the tread above it. in genera I» ihis is 
more sharply pronounced* the more resistant such a scarp-forming 
stratum is to mechanical actio**- The scarp-fonrurig horizon of the Upper 
Musehdkalk usually give* ri^e to the sharpest breaks of gradient of this 
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kind, as well to the penepknes which reach over from this horizon to 
the Letterxkohlc and the Lower Kemper beds* and arc the most extensive, 
as well as the flattest, most level of [heir kind. 

The main lines of the drainage net show the natural features of pro¬ 
gressive downeutting. which will lie dealt with in n later section. Alone 
certain reaches the down cutting seems ro he in full swing; in between 
there arc extensive stretches in which this was the case a short while ago. 
geologically speaking, ant! will be so again as soon as the eroding sections 
have worked back upstream. On the whole the valleys have slopes of 
considerable mean gradient* which are convex, straight nr broken by 
terraces. Usually, but not everyw here, they arc joined below by concave 
foot-slopes, and above them outcrop the horizons of scarp- Forming strata 
which have been cut through. 1 lie longitudinal and transverse profile* of 
the lateral brawhei, origin ating from the above valleys, are very charac¬ 
teristic: they gnaw gradually into the body of the interval lev divides and 
they lead to a progressive lobing and disintegration of the scarp face* 
overlooking the main valleys and of the ptnepbmcs above these. Near 
their mouths they have the shape of the main valley?; they are, fur in- 
stance* canyon-like and accompanied hy rocky walls as far as the main 
valleys are so (like the valley stretches in the Malm, e,g. in the Franco¬ 
nian Jura)] up-valley they rapidly become narrower, as rapidly gain in 
gradient, and are then excel lent examples of sharp V-shaped valleys; all 
at once f they widen out into gently sloping, shallow troughs, thin taking 
place as soon as the scarp-forming stratum, and the longitudinal break of 
gradient associated with it, have Iran crossed (fig. it T p r rSy), 

In such places there b an extremely sharp border line between essen¬ 
tially different pans of the drainage net. It is far less obvious, but still 
always dearly recognisable, where the headwater iribinary, nr indeed the 
upper course of a main stream, lies on a scarp pent plane: as, for example, 
tlic Tanl»ef Above Rothenburg. The break of gradient in the longi¬ 
tudinal profile of the watercourses separates twu sets of land forms: the 
mixed ones of the valley entrenched in the scarp Sand* and the uniform set 
oi* the intcrvnllty divides, recognisable by their concave profiles. Here 
the denudation forms found are the flatfish relief of the pencplane? and 
the medium relief forms belonging to the next higher scarp face. This 
gradually recedes under the influence of denudation, a considerable part 
being played by slumping at the water-bearing horizons. The general 
base levels of denudation for this are die courses of the neighbouring 
streams belonging to tile penepiane: and their local base level of erosion 
lies at tin; outcrop of a scarp-forming stratum at the above-men tinned 
break of gradient, if* level may he considered as practically fixed with 
reference to all its tributary slopes; and denudation here, the develop- 
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mcnt of dse scarpiand peneplancs as well as of the scarps rising U P from 
them, is compk tdly removed from ertdogenetic influence. 

Every purtiim of mth a steep scarp h a slope ready prepared for the 
development of a new watercourse. for example. along the track of a 
eorrasion furrow or, more often. resulting from the issue of a spring* etc. 
They find a strong gradient, consequently they cut down vigorously P 
invade the body of the step fas will be elaborated later [p. iSh]) md so 
elongate by means of headward erosion. At short intervals such sharply 
V-shaped valleys, the upper continuations of the shallow flamsli valley 
troughs of the low relief lying in front* may be seen encroaching upon 
Lhe upstanding scarps. Most of the streams are intermittent- As a rulci 
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and this is whm one would expect the eroding stretch b limited to the 
hindmost section, working up into the Sleep ftcarp face. Along inegreater 
part of the length, down to where it run* out on to the penepbme lying 
in front, there is no longer any erosion. Vbu& the scarp appears cut tip 
into lobes. eaten into, with narrow dividing spun between streams which 
are invading it from the land in front and are responsible fur the lohalc 
effect. The development of these intervalley divides* which often jut out 
like bastion u, takes place in the same w ay as that of the outer slope of the 
whole step. They in their turn are cut up into lubes by valley furrows uf 
a higher order which start from the streamlets just mentioned. T here i* 
recession uf all the scarp slopes which face this increasingly cloae net- 
work of furrow* eating back into them- A fhtfikh declivity is left behind 
which, in the limiting case, has the bast possible gradient, I his, 
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together w ith the ever increasing density of the network of Kteep-sided 
Valley4 cutting into die scarp face, dissecting ii into units of smaller and 
smaller orders, very often lend* to the welf-biown breaking up of the 
interval% spurs Into isolated hills which remain for a while as residuals 
in front of the retreating scarp r They have concave profiles and become 
lower as soon as the kwt remnants of the ffotikh form system have been 
removed from them (we Plate VJI t illustnuicm i). They may be con¬ 
sidered classic examples of waning development. After their disappear¬ 
ance they, TOO, leave an interval fey spur, hounded however by flattish 
slope units and Obliging to the pcncpUnt in from of the scarp. 

The structural ba.-e levels of denudation, which determine the pre¬ 
servation of the peneplain adjoining the scarps, arc thus renewed from 
two directions: hirst, they are affected by those powerful strands of the 
drainage net* which have cut through the scarp Tanning horizons ami -hi 
appear entrenched in the scarpbnd. They have been able to effect down¬ 
ward erosion in every' part of their course; in many parts they still, at the 
present day, liave power to do this, and nowhere is the possibility perm¬ 
anently lost. Along these branches of the drainage network, erosion and 
denudation for the last time retain their connection w ith the genera! base 
level of erosion* and so are not withdrawn from endojpmetic influences, 
Dissection, disintegration and destruction of the ptncplanes on the 
divides between these entrenched streams work outward from them. 
Hi us i he pencptancs or* as the case may he, the homologous fhttlsh 
fiirms, grow at the expense of the receding scarps rising above them. 
Secondly, here, in the region unaffected by endogenetic Conditions, scarp* 
arc preserved as The typical form because of the Way in which freshly 
forming and ramifying furrow's work back, starting from the foreland 
and cutting sharply into the scarp faces. Thus, parts of the stream course 
which have great trrnsional intensity, are perpetually invading them, at 
countless places, at the sutnc time; and (Iteie are mpomtilile for the in¬ 
dispensable renewal of the structural base level* of denudation. 

This shows that there is an rrmontil MtUtry for the network of valleys 
on die *carptend peneplains; and get*ere% this goes back further, the 
farther the parr-, of the valley system under consideration are removed 
from the nest higher step. Direct traces of tlrk previous history, how¬ 
ever, are lih -j rule completely w iped out by the mass-movement of rock 
watte. which is considerable* corresponding to the slight resistance of 
the material, for the most part rich in colloids, of which the country here 
is comprised. The absence of stream channels from many of the shallow 
valley troughs, and even from whole branching systems of them* is an 
acquired charm f eristic. It is due not only to the extern of the migration of 
rock derivatives, highly mobile when soaked w ith w ater, hut just a* much 
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to the nature of present erosional activity at the scarp face. For it is an 
established fact that stream?, which are hut feeble nr intermittent, ermlc 
only at times of flood—as is tc he expected, They then incise their sharp 
Vs in die scarps, and so lay out the plan of the valley furrows. It is 
amazing what a ijuamity of rode material is brought out by a single 
storm from those parts of the valley-course which are farthest back and 
which arc usually very steep. As these eat further and further into the 
body of the upstanding step, they leave behind them lengthening 
stretches of lessened gradient, often entrenched far below the scarp- 
forming bed so that they come to lie in a terrain of but slight resistance, 
readilv becoming reduced to a mobile condition. Such a position for the 
general base levels of denudation necessarily leads to the phenomenon 
first noticed by R, tlradmann, via the outcrop of an often \ery thick 
series of mobile strata on the immediately adjoining concave scarp-faces. 
This may include tin: whole succession of beds lying between the level 
of the scarp-fortnins stratum and that ot tile neighbouring generaS base 
level of denudation. It apjiears rmpossible tor the stream beds, thus en¬ 
trenched in surroundings of mobile rock material, to be preserved for 
any length uf time once they have tost their steep gradient and when, 
liefure that, they were used ottly occasionally or by what were (at rimes 
of low water) mere narrow threads. They become dosed up by material 
moving down from the sides I and this often happens even before they 
issue on u> the pcnepianc in from. For they lack not only the mass of 
filter but also the gradient which together can produce the force neces¬ 
sary tu keep them upen 1,u . 

No part of the drainage net belonging to the scarplatld pcncplattew can 
be deepened below the focal base Iced of ernuoti. Instead, a gently con¬ 
cave longitudinal profile is produced, which always rises gradually from 
the break of gradient to the higher parts of the country. I he heights ot 
the mtervaHey divides above the vailcv floors bear a definite relation to 
the erosional curves nf tlie drainage system, the general base levels of 
denudation. They have it similar magnitude; since similarly gentle in¬ 
clines lead tip from the valley bottoms with average slopes that are simi¬ 
lar or even the same, and intersect on tlie interval! ey divides. For this 
reason the scarp land peneplains? have a general inclination in the same 
direction as their drainage lines. R. GtidnUim has already drawn atten¬ 
tion to thin 1 * 1 . The scarp land pe replants may behave in either of two 
ways as regards the structure In the one cm they »k*[>c down in the 
same direction as the dip. nr at least thr valit u M'nqpng to thepi-rtrpfaite 
drain in that direction. Alt example of this ia afforded by the pcnepianc 
Which slopes down eastwards from die Stubcnundstdct edge of thr 
Sieigerwald towards the foot of the Dogger Malm scarp of the Franco* 
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man Jura, and ends above the slopes on the left side of the Regrutz 
valley, slopes w hich do not rise very high above the river. Starting from 
here, far-reaching dissection of that peneplain* lias alrcadv taken place. 
Following the tracks of the valley troughs that dissect ii„ wide in nigh- 
like valleys invade the main body of the peneplane from the Uegnitz 
westward. They «»>n become narrower in this direction, anti not far 
from the scarp summit of Steigcrwald, the longest and most persistent of 
them may be Men to reach bade in a steep curve to the break of gradient. 
This separates them from thrir continuations, shallow trough-shaped 
valleys in the high-lying and undirected penepkne. Convex slopes 
characterise these uppermost steep beginnings of the entrenched valleys, 
just as they do the analogous stretches of all tlictr lateral ramifi cations 
which are eating into those parts of die penepkne that are preserved at 
the height of the intervalley divides. The high plateau above the Malm 
scarp (Swabian Alb), although inclined similarly with reference to the 
dip of the strata, is of quite a different type and origin and, » must be 
mentioned hen; and specially stressed, in no way illustrates ihe relation¬ 
ships under discussion 

Oie other kind of scsrpknd penepknc has a general slope in the 
opfxtftlf titrtttiort to that of the bedding, since its vatlev network drains 
that wav. The residual scarpknd plateaus between the Swabian Alb and 
the Nevkar, the main arteiy of the whole region, are of this type. Starting 
from tltc deeply sunk main streams of the drainage net, ifiss/nttng trihu- 
taritt from all directions invade the foundation of the penepliine. Surne 
of these side branches How in the same direction as the dip and therefore 
against the general slope of the penepknes lying above lhr Stubcnaand- 
stein scarp which they are dissecting (many tributaries of the Jagst, 
K ocher and Murr), l hey were interpreted as stretches of consequent 
drainage 1 ", 1/ this implies that tile origin of the rivers and valleys was 
due to a former flow of the water along inclined bedding planes, it must 
be emphasised dial the bedding planes have nothing'whatever to do 
with it It k rather that the backward extension follows ur has followed 
an inclined water-bearing horizon to the base of the Lias; and obviously 
this took place by the process of headmrd ermian 10 he considered 
later. This seems to be notably tnic for the 'retrograding' tributaries of 
the Mure and Jagst. but it can stiil be definitely proved only for a few 
places in the basin of the Jagst since the Lias has in the meanwhile been 
reduced to scattered island-like residuals, by far the sreatcr part of the 
headward crosi-m here look place in past times; hut it has left behind 
valleys which, haring been eroded backwards, continue to develop, 
continue to deepen and continue to elongate backwards. 
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3. INSELBEftG LANDSCAPES 
Quite ii number of the characteristic: phenomena p shown in the rela¬ 
tionship of die sc.irpland penephnesto the scarp faces rising above them 
are. in their development and in their appearance repealed with slight 
variations in the inselberg landscapes which lint became well-known 
from the African examples 1 The fundamental characteristic in their 
outward appearance is the special relationship existing between the 
forms of denudation worked down into the crustal structure and the pro¬ 
jecting parts left between them. When an uplifted portion of the earth's 
crust has been divided up vertically by denudation a! processes into 
mountains and valleys, the dements givings its special character to tliat 
set of land forms are the hollows, the valleys; the course they take and 
their depth, the shape ami gradient of their sides, determine the arrange¬ 
ment and character tif the inteiralley divides* the projections lying 
between them. This ceases to l>e true its the case of an tnsdbcrg land- 
scape. Here it ts the insular projections which arc the striking, deter¬ 
mining dement. Obviously the rerm slants of the once continuous country 
at a higher altitude*"** they n^e above peneplancs which have replaced 
not only individual valley tracks, but whole valley systems. Indeed the 
mountain flanks occasionally ri*e with extreme steepness above the 
gently swelling pencplaneis which arc crossed by shallow valley troughs 
and which, here and there, seem in addition to have (>een graded, 
levelled, by subsequent alluviation. Perhaps these very conspicuous con¬ 
trasts have diverted attention from the way in which the foot-slopes of 
the irvsdhergs arc shaped. At any rate every observation made upon these 
drawn the error of the view, constantly repeated in the literature of the 
subject, that there is a sharp nick where the sides of the inselherg break 
off against the surrounding pcneplune. Fantastic hypotheses as to the 
origin of insdherg landscapes, w r hicb led to the purely speculative 
notion of-in aeolhin origin for peneplancs in general, are partly based 
upon this error 1 " L r The sfape profile 0/ all insclbcrgf h concave, A continu¬ 
ously concave curve always forms the foot-slope between the steeper 
slope units of the higher parts of die mountain and the Harrish slopes of 
the surrounding peneplanc which likewise have a concave form* 111 (see 
Plate VII* illustration 2 and Plate VIIL UJuatratlun 1). Tkemselherg land- 
9cape ix thechoractimtk landscape of wamag development. 

The height uf die highest insclbergs above the surrounding country* 
indicates the minimum extent of vertical direct inn which the area ha* 
undergone by it ream-cutting during the period of waxing development 
which necessarily went before. Fairly often the maximum relative height, 
which the present imcltwg region ever attained, ha* been preserved 
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almost unaltered to the present day. This is true, for example, wherever 
the mountain summits stilt consist of flatfish slope turns. Tt is only when 
these have been removed and steeper slope units have taken their place 
that there can lie more rapid lowering of the insefbergs, leading to their 
ultimate demolition. In this case i! is of no cunact)uence whether the 
earth's crust is at rest nr in mot ion |kc pp. 152-153), Thus it is found 
that the plateau dike inselhergsi of .1 region, even when they are not the 
reties of scarp lands, are all about the same height, while the pointed hills 
■derived from them have smaller relative heights that are individually 
quite different from each other. Here the process of lowering can he 
followed specially well: the lower the elevations, the gentler as a rule are 
their flanks, other things being equal (see Plate VII, illustration a). 
Standing at the end of the series are gentle surface swellings ending in 
sharp point- —in granite country crowned by tors or piles of boulders. 
When these vanish, they leave behind inter*alley spurs hounded bv flat* 
tish slopes. These then form part uf the surrounding peneplane, and are 
incorporated in it. 

What determines the development of insdberg landscapes is the beha¬ 
viour uf the drainage net: tht a.rafitmrtg of its srotionat m/«tnfV until it 
etttrut to <1 standstill The cessation never takes place simultaneously 
everywhere along the drainage system, hut becomes noticeable first of 
all along the main si reams; these react in a direct manner to movements 
of the general base level nf erosion, and so they are also the first 10 give 
up their erosive work when the base level has reached 3 fixed position 
and remains there for a long time. To begin with* concave slope profiles 
appear in the lower courses, and here also Hatter slope units first begin 
to work up towards the intcrvallcy divides-’* 15 . Here the rivers arc already 
widening their valleys, by the increase in sire uf their mean den, that 
there is growth in valley breadth am! the distance apart of the upper 
edges of the valley, measured at right angles to its trend; the steep slope 
units arc moving hack from the alluvial valley bottom and below them 
the slope of minimum gradient is appearing (pp. 138-1+0, 14;); whilst, 
in the uppermost reaches, erosion still continues. Downcutting there is 
associated w ith the uppermost, steep sections, which are sunk furthest 
into the crustal structure. This- b in accordance with a law which has 
ahead* made its appearance in connection with the scarpland areas, and 
which w ill be treated in detail bier These tradingportions work upward* 
and lengthen the valley incisions* w hich are bounded by correspondingly 
steep sides. This process must continue so lung as there are any ports of 
the land at all which stand up above an erosianal curve uf gradually in* 
creasing gradient—to be defined later. Thus the eroding stretches go on 
ceaselessly working hack into flic moat centrally tying parts, and even- 
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tmlly dissect ur disintegrate them by mcam* of correspondingly 
ateep-sided valleys. The same thing happens to the intensity spurs 
belonging to the main Talleys, their tributaries and the lateral branches 
of these. For everywhere here the valley Hanks provide steep slopes all 
ready to form starting points for fresh backward working furrows, from 
which again sharply V-shaped valleys, still younger and of a minor order, 
originate. Thus there arise lateral branches of the second, third and .t>th 
degree, all without exception bounded by similarly steep slopes, since 
generally speaking the eroding portions are nil characterised by the some 
cro$iunal intensity. The hist and youngest of this kind are the that 

furrow the slopes of the insdbergs. 'The steepness of their aides shows 
that the erosion is transmitted without loss of intensity right up to the 
ultimate ramifications of the valley system 1 * 1 , even when only single 
branches of this remain, the greater part having already vanished* i.c, 
having become valley troughs on the peneplane. 

As the eroding portions* which multiply upwards, splintering as it 
w r ere into an increasing number of ramifications* work headward, the 
mtcrvfdk-y spurs, like the central regions, become disintegrated into pro¬ 
gressively smaller units. They become pintiately divided inco ridge crests, 
the Teather^ P uf which are again split up T atid so on; an*l where ramifica¬ 
tions meet from opposite rides, .saddle-like passes develop, dividing the 
crests into rows and groups of peaks. The$r art thr nuriri 0/(hr imrlbrrgz. 
This pens! nation of the eroding portion a into the highest, moat central 
parts of the country — -central in relation to the lower course* of the main 
streairi¥—together with the increasing ramification, means not only that 
the valley density is increased (this is by no means identical with the 
river density) but afao that the valley courses lengthen. And so the 
eroding portions leave behind them lengthening valiev sections along 
w hich erosion is growing weaker, SO that w aning development begins— 
a nth as before, succeeds in establishing itself along the lower courses of 
the main drainage lines Just the zone of erosion and, with it* the 
whole zone In which correspondingly steep slopes are produced, spreads 
from lower reaches uf the mailt rivers toward* the most central pans of 
the country, *0 dot- ihe succeeding zone of valley widening and slope* 
with concave profiles or, more shortly* die zone uf waning development- 
It arrives there juiie independently nf what may be happening in the 
meanwhile to the general bast levels of trotioXL It these, for example, sire 
affected by some renewal of erosion in ll vc water-courses* then waxing 
development,. with in* characteristics, sets in afresh in ihe tower courses 
and Spreads up-voile}' along; the drainage system; but that does not pre¬ 
vent waning development from meantime reaching into the neighbour¬ 
hood of the watersheds. However, it in clear that under such 
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cimwnstjuiccs waning development in the regions of the lower courses of 
the streams has not been computed and cannot bt simultaneously nearing 
completion in the most central areas. For the steeper slope units which are 
rising up from the watercourses now incising themselves intensively, 
push vigorously upwards in the direction of the interval lev divides; and 
on reaching the tops uf these, they swallow up the t latter concave form 
associations before these have been reduced tu that degree of flattening 
w hicli it is possible to reach there (a consequence of the difference in the 
intensity of denudation on steep slope units and ihnse that are less jtcep; 
«e p. 71. and diapler VI, section7, p. 155}. 

The inselbetg landscapes of the continental areas, however , art charac¬ 
terised by the fact that they exhibit form associations of ironing development 
which extend more tarry z att arcus of tectonically uniform parts of the earth's 
trust; um: they stretch rath equal Completeness from the lomer courses of the 
main titles of drainage, where the development is already complete over wide 
areas, up to the most centrally tying parts where it is nearing its completion. 
This implies that the general base levels of erosion must have remained 
in relatively unaltered positions throughout very long periods of time* 0 *. 
There i$ thus a deep-seated, fundamental difference from those zones 
which show the characteristic land forms of waning development, but are 
Confined within exceptionally narrow limits, die) are to be found on the 
'Op Of very many mountain ranges {broad folds) in mountain belts, espe¬ 
cially in the arid and semi-arid provinces, or on the high parts of the 
< ierman Highlands am! Scar plan da. Here, the region of waning deveiop- 
fnent, -'ll ways narrow, is everywhere separate d from its present general 
base level of cfusion by a zone of steep slopes, a zone of renewed or in¬ 
creased erosion. It is only exceptionally and where there are favourable 
circumstances (c.g. the character of the rocks—Scarp lands) (hat the 
waning development attains its goal, pencplonaiion, and scarce!v more 
than the upper nr headwater districts of the valley-net belong to its 
dttritahu 

Whenever there are valley stretches along which erosion has ceased, 
the sleep sl&jie unite retreat, and slopes with the least possible gradient 
broaden out at their expense. The projecting intenallty spurs are nar¬ 
rowed, the extremely gentle slojves merge into one another around them 
and over the previously mentioned! Wtddlc-like passes; they meet in softly 
curving Hattiah divides between the valley Troughs, now become wide 
ami shallow In this way the pcneplaiic grows at the expense uf lire inttr- 
t alley divides, the relic? 01 which remain visible for a while as inselbcrgs. 
These usually form 9 zone lying between the completed peneplmw and a 
central more or less continuous mountainlunJ. It is quite analogous to 
the zone of residuals which occurs in from of the retreating edge of an 
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escarpment (see Plait VIII* illustration i). Thix fvw of initlhtrgi nat¬ 
urally appears first in those placers tep which the waning development 
penetrated earliest. This is the case for the regions under discussion, in 
the neighbourhood of the lower Courses of the main lines of ilniiruigc. As 
waning development spreads towards the central parts of the area, the 
front of ift$dberg$ also advances in the same direction. Meanwhile the 
inselbergs have already disappeared from the region of the lower courses: 
and, in the sot i rce region „ ml! cy dissect So n of the con ti nuous hi gh cr-j utt i n g 
country is gaining ground. Thus, as hm been mentioned, the position of 
the insdbctg seem* ts between the central mountain land am! the con¬ 
tinuous pcfteplsine surrounding it; and it ceases to he so only when the 
Central mountain bud has itself become disintegrated into inselhergs, 

Erosion and denudation work at a slower rate where the rocks sire 
resistant. Such rocks become visible as eminence* above the surrounding 
country when this, fin account of its slighter resistance, succumbs more 
quickly to the wearihg-away process. It is therefore to be expected, aid 
has been continued by observation, that with waning development the 
intervaUey divides remain longest preserved as upstanding: heights when 
the district is one of strong rocks, and tlial die msclbergs tend to be asso¬ 
ciated, as by preference, with such zones of more resistant rock. The 
designation 'Harding* refers to this* 1541 - It U. however, a mistake to think 
that rnsdhtrgs must always be 'H&rtUnge or 'monadnock> T as the 
American* call them—and such a view by no means correspond* to the 
facts 1 ”. The msrlbetg type of scenen alao develops on perfectly hnuu^ 
gen cons crusty I matcrah if only *he nectary conditions arc present for 
undisturbed waning development. It is an absolutely normal link in the 
series of denudational forms through which a port ion of the earth 1 * cni*t 
passes if it* general base levels of erosion (which may he the load ones) 
remain in a relatively stable position for a long enough time. The inset- 
bergs themselves are relics of the highest parts of the country, where the 
steepest slope units have been longest preserved. They are reliL'i u\ inter- 
Willey spurs, which after their di&appcarance leave behind Further inter- 
valley divides, but such as then belong to the urrotinding penephme. 
This i.^an end-pen cp hut, a realisation of Davis' peneplain. 

The process of waning development is completely independent of 
climate. The sole fact nr needed fur it a occurrence is the weakening 
nf erosion; the hole factor needed for u* completion is the elimination of 
endngenetic itiHucnccs from the processes of deruihation These influ¬ 
ences mould be expressed in relative lluctuiitions of the general base 
levels of erosion* and would propagated upwards from them, follow¬ 
ing the drainage net. They may be absent either because the general base 
levels of cmskin remain for sufficiently long in at relatively fixed position; 
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nr tvccaiise the areas subjected to waning development are separated from 
the general base levd of erosion by the sufficiently |hw working-back of 
steeper types of land form and of breaks of gradient in the longitudinal 
profile of the mam streams (forming local base levels of erosion). Both 
cases lead to the formation of insolberg landscapes and peneptmadori of 
wide stretches of country. Thus neither the genetic relations nor the ob¬ 
served facts afford even the slightest support for the viev- frequently put 
forward that the origin of insdberg UiubKEapes is connected with a special 
type of climate or with a change of donate. Typical in sd berg landscapes 
are already known to exist in almost every climatic belt. In South 
America they stretch from subtropical Uruguay to the completely trop¬ 
ical Guiana*, and they are a speciality of the Brazilian shield *** J. 
Walther describes them in North Africa at the junction of the Nubian 
Desert and the Sudan (Ka$wdj Mountains), and compares them with 
those of the Coromandel coast which lias m time of drought in winter 
only*®*. Even as for south as South Africa, they have long arrested the 
attention of travellers in the east, west and south-west of that hot cun- 
ttnem 11 * J hey characterise the Deccan 311 and turn up again in Aus¬ 
tralia- They art distinctive not of any one dimaft 4 hui of the amiinetttol 
manes. Their origin, M well as their extensive development, is based 
upon the properties of those rigid crustal area* which have been long 
withdrawn from the processes of mountain hutlilmg T 'They are not found 
in the mountain belts nur in the adjoining parts of the earth's crust in¬ 
cluded in their movements. Thu is the problem presented by the insd- 
berg landscapes. 

It must, however, be mentioned that in.some details uf their cliarac- 
lemtic features there are differences which may be maced back to clima¬ 
tic influences. There is general agreement irt stressing the sparseness of 
the *oil cover, nut only on the slopes of the msdbcrg*, but also on the 
ptncplanes of countries where vegetation is scantily developed or where 
condition* are actually hostile to it. As F, Behxend, E. Obit, G. L> 
{Jollies 111 .Hui mure parlieularh II, Clue* have pointed out* rhi* i» a 
consequence of the spreading nut of rain wash uver the whole surface, sn 
effecting a comparatively thorough and rapid removal of the reduced 
material from even very riighi slopes, It thua lays hare extensi ve denuda- 
don surfaces and keeps them continuously exposed, Thig v as was shown 
on p, 143, reacts on the shaping uf the foot-slopes of the Lnsel bergs. 
In areas where precipitation is rate, hut not too rare to find a surface uf 
attack—especially in the semi-humid and semi-arid regions—these ac¬ 
tually show a sharper concave curvature than in the case of in&elbergs uf 
the same type hut overgrown w ith a continuous cover of vegetation. 


4 . PIEDMONT FLATS AND PIEDMONT BENCHLANBS 
(PIEDMONT STAIRWAYS) 

Though thia has so Far remained <|uice urniuticcd, the forms charac¬ 
teristic of {itselbeig landscapes are strikingly connected with other form 
associations found upon tectomcaBy uniform portions of the earth's 
Lrust fc when these belong to a definite type including, amongst olhtr 
examples* the German Highlands, A distinction must lie made between 
the form associations occurring on the heights between the valleys that 
are sunk in the highland, and those of the valley? themselves. The former 
only will be considered here. In some places, dissection by somewhat 
recent valley furrows has already advanced so far that the old form asso¬ 
ciation*, characterised throughout by their very much more gently in¬ 
clined slopes, have already been entirely removed from the intervalley 
divides, and replaced by the steeper slope units that are working thdr 
way up from the valley incisions. This is especially the case on the 
sloping tides nf the German Highlands. Yet urn throughout. flic com¬ 
pletely dissected western slope of the Black Forest, disintegrated into 
rugged mountain country' with farms of intermediate *teepne$^ stands 
out in contrast to the eastern slope which b almost intact, especially in its 
southern sections. And in spite of the way in which valleys have pene¬ 
trated into that side of the mountain block overlooking the Rhine, such 
considerable remnants of its older form associations are still preserved nn 
the intervallev divides that it is possible to diagnose them and m fit them 
into their placewith certainty. It is the same with the western descent of 
the Fichte Igebirge. Whai can there be seen as more or less extensive 
remnants, on the heights between the deeply sunk valleys, b still visible 
in continuous form on the wide-stretched northern slope, where it b 
only just notched by occasional valleys and their still short, backward 
working, side branches. 

(a) Tm Hakz 

But little has been preserved of the former northern and southern 
slopes of the Hare mountains; mote, proportionately, of its summit. The 
fhttish forms of this join w ith a sharp break of gradient the steep slope 
units originating from the valley courses (of the Oder valley and Bode 
valley type) that invade far up into the body of the mountain mass. The 
breaks of gradient here are just as sharp as those which have arisen from 
the numerous and often short > sharply Y-shaped valleys at the actual 
edge of the mountain mass. Convex slope profiles are characteristic uf 
the entrenched valley? which, at the mountain edge, are lo dose together 
that their sleep slopes have already met on the intervallev spunk Thus, 
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the ancient land forms of the sun unit arc narrowed down—having Ikkij 
already removed from the edges of the highland ma&s, hence the impres¬ 
sion of mountains which they give; and it is only between the larger 
valleys, standing well spaced from each other, that the summit landscape 
extends as far as the edge of the massif. 

The land forms of the summit arc characteriatfd by the concave slope 
profiles of waning development, except for occasional sharp Y-shaped 
valleys (of •eery resent origin) which reach up the sides nf the inselbergs. 
Hus holds throughout, being true also for all the side branchings of the 
valley network. The general form is an undulating peneplane. traversed 
by very wide shallow valley-troughs. Above it there rises a still continu¬ 
ous group of mountains, relatively steep-sided—the Brocken, with its 
associated summits—as well as several lower, tint very steep elevations, 
which tmv Lie adjudged tu be of (he nature of jitirifinge (Auerbenj, 
near Stolberg, is typical: a volcanic stump oF Permian quartz por¬ 
phyry) 11 *. Some of these latter show an unmistakable connection with 
definite types of rock (Aehtermnnnshohr is of metamOrphic rocks of the 
granite contact halo; Schalke, south of Guslar, and the high ridge of Acker 
as far us Bna-hherg, are of Kahkbcrg quartzite of Lower Devonian age). 
However, this adaptation to rock material decides merely the delimita¬ 
tion ni such heights, not their relative altitude; for similar rocks and 
zones of resistant material likewise take part in the composition of the 
surrounding peneplane. Furthermore, this peneplain. extends over parts 
<if the massif of Brocken granite, w hich also forms the core of the central 
highland—litre there is absolutely no connection between ups landing 
parts and (tic diameter of llic rock—and it extends right over the Bode 
granite stuck. Vet granite is by no means a specially resistant rock) 

The central mountainland of the Harz docs not owe its existence to 
any particularly resistant type uf rock; it is ml a group of monad nocks of 
resistant rock, hut higher standing country' dissected by valleys, its inter- 
valley spurs are atiociated W th cf strong rock,, where these outcrop at 

<>' (lightly iih„rt (hr existing mean In el 0/ the interv a liey dir ides** ■ The 
same is true for the pe-neptonc, the resistant mniiaduocL of which lie at 
another level, and naturally have a smaller relative height uni tin ter 
modelling than those of the central mnu mainland. In general; the sharer- 
ter of the rock, and the tuwy in which /firms are adapted to it, does nut deter- 
mine their mean relative height, but does decide the arrangement af the 
in ten alley divides. And tnohddnocks of resistant rock, ut. isolated tlrva- 
timts, project (drove them only when the outcrop of the mute resistant type of 
wh occurs ut or just dots the existing general /reef of the intmutlsy 
derides, a level - 'hick hat teen determined by other ejrmuut wises 
On the north side <T the central unnmtuiTihnd the ['cneplane is only 
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narrow; hue 31 ts extremely dearly developed (in ihss ease nn the Brocken 
granite on its metam orpine aureole, and on the Kithleberg quartzite)* 
Southwards it occupies a wider space. Towards the east, it stretches out 
evenly over the mountain mass from its southern to its northern edge. 
T!ms the land-form character is the same as that found In the inselberg 
Eandseapc* of tomincmaJ regions, and the amngemem similar. How¬ 
ever* not only Es there the absence of a sense of apacknumes* but, above 
itlJ a of the characteristic signs which, in in&dbrrg Landscapes* force upon 
one the condition that the general base level of erosion has remained 
fixed for a long pentyl of time: viz. the completion of waning develop¬ 
ment in the regions of the lower courses and at the same time its carrying 
through into the headwater regions. Only the latter can he observed in 
the German Highlands and in the Harz, it is only the headwaters of the 
drainage system that belong in the highland landscapes. The lower 
courses, on the contrary, leave the mountain areas in deeply incised 
valleys, thus indicating that at the mountain edge the general base levels 
of erosion do not remain in a relatively fixed position. 

The history of the valleys show that this evidently has always been 
*0. By following up any of the deep valley* that are working fun her sod 
further into the mountain mass, a zone is reached, at 4 varying distance 
from its edge, where the gradient rapidly ifittrases and thr sleep convex 
slope* approach dose together, Above this*, a break of gradient in the 
hmgitudind profile mum be crossed. This denotes she sjjot up to which 
the latest and relatively youngest eroding section has wotted back The 
valley continues upstream with a gentle gradient,. 3 greater width and a 
slighter depth—now bordered by concave foot-slopes into which the 
convex curves of the upper valley slopes pass down wards—until a fresh 
acme of increased gradient, increased narrowness, and a train convex Con¬ 
verging dupe* lead to a higher-lying break of gradient. Then one finds 
oneself in a mill wider* sltallnwer trough-valley, the concave slopes of 
which, however, change as before into convex curves toward* the upper 
pans. In I his way. by iteps becoming ever lower and gentler* step* 
which are expressed ms an alternation From steeper to lesser gradients, 
the wide shallow villey-troughs of the pcneplant are readied. Their 
flatfish dope* are concave and widely opened-out. The concavity, here 
too, drwri not reach up to the divide* between the \ illey-troughs* but 
gives place in that direct ion to 3 convex curvature which, fur all the ftal- 
ness of the slope units, cannot be overlooked 11 \ 

The type of valley just described, which i* constantly repeated, but 
which, however, comes out distinctly only in the valleys of older Origin* 
is characterised by having several breaks in its gradient. These: separate 
from one another atrcuhe* of ri-er-hed. which ore toilCivc in form, bm 
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which join together to give a curve that is. on the whole, convex. The 
vertical intervals between any two breaks of gradient generalty become 
smaller from below upwards, In this direction the sections of steeper 
gradient become shorter and less it tap so that it is the peculiarity of con* 
cave portions of the profile to have smaller mean gradients the higher the 
valley to which they belong (shown tliagrammatically in fig. 13}. The 
uppermost member of the system is a valley-trough, frequently with mi I 
any stream, on the pcneplane itself. 

Thus eroding sections of various ages, Which can have originated only 
one after another at the genera! base level of erosion, move upstream, 
behind one another, along one and the same valley furrow. The point, up 
to which each of those portions has cut hack, up to which each tuts 
carried into the body of the mountain mass a deepening and steepening 
of valley and slopes respectively, is visible in the form of a break of 
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u'radicat- 1 *. There is no difficulty in recognising that the eroding sec¬ 
tions, which follow one another downstream from the upper teaches, 
represent not only a simple series as regards age, but a series of increas¬ 
ing erosion, increasing valley deepening and increasing steepness of the 
valley slopes. This development begins with the formation of valJcy- 
troughs on the penepkne, n conclusion permitted by actual observation, 
I "he slope profiles of these prove beyond doubt that the fkitish forms of 
the penepkne have not been derived (mm the flattening of once higher, 
steeper elevations, but conversely. That their forerunners had even 
gentler slope units which arc still preserved on the watersheds between 
the valley-troughs. These latter are therefore very ancient stages of the 
valley history which has been trending towards dissection. Consequently 
the pc nop Line, in spite of Liu: agreement of its form-characteristics in 
many of their features with an end-peneplane like that nf the widely 
spreading insdberg landscapes found in continental regions, cannot 










PIEDMONT PLATS 


201 


however be one. it does not, like these landscapes, replace higher pro¬ 
jecting parts of the country , now vanished And. in addition, in spite of a 
formal similarity, the central mountain! and of the Harz is not analogous 
to such relics of a higher surface as are found in insdberg landscapes. For 
it never had the wide extent which is today an intrinsic property of the 
peneplain*. However, this does indeed widen at the espense of the 
mmmtainland. which it penetrates in the form «f valley floors, as soon as 
waning development sets in there. This has come about not because liie 
general base level of erosion remained in a state of relative rest, but 
because the central mmintnintaml lighten itparaitd from that base level 
of erosion by the insertion of more steeply inclined eroding portions 
along the courses of its main arteries of drainage. Since the first, oldest 
system of breaks of gradient arose in the longitudinal profile of the 
streams, the further denudation and development of pent plane and 
mot in laird and, and dissection of this latter, have taken place in relation 
to those breaks of gradient, uninfluenced by the behaviour of the general 
base level of erosion. These are local base levels of erosion for all tribu¬ 
tary stream* and slopes and, as will be shown later, they do not experi¬ 
ence any relative lowering. Their first appearance, therefore, signifies 
the change-over to waning development, which has. since then, been the 
predominant type in the sculpturing of summit landscapes, and will con¬ 
tinue to be so until their destruction by backward working dissection. 

For that type of peiirplanr sehirh, tike thr high country of thr llar~, fwr- 
munds tt central rmutnUtintund, i sr mV/ tar the item piedmont flats, 

A preliminary survey of the Black Forest and the Fichtdgebirge shows 
that here. too. there is a central mount alula nd disintegrated into indi¬ 
vidual domeshaped lulls and surrounded by a pent plane Since loth ele¬ 
ments arc composed of ihc same rocks, there is no question of Hart huge, 
and so it seems as if the conclusion might be drawn that those highland 
landscapes, above tficir dissecting valleys, consist of a central mountain- 
land and a piedmont flat. Indeed the history of the valleys and the 
development of the slopes prove quite clearly that the peneplains art of 
the same type as in the I hr* and are not end-pcneplancs. However, 
closer investigation, reveals the new and surprising face that it is not 3 
single peneplane which covers the summits and slopes of the highlands 
in question, but that here that art sttwul pmeplatm of the same type 
rrnrrnjts step-tike ntir ftWe another. Muelt an arrangement may he railed a 
piedmont stairway [nr piedmont bcne)dattdi\ 
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(A) PIEDMONT BENCHLANDS 

This type cun be studied particularly well in the FichUlgebtrge and on 
its northern slope. Only the main features will he given here, details 
being omitted* 1 *. 

The central mountain land consists of a widely extending group of 
individual elevations, only hugely connected with one another, which arc 
grouped around the headwaters of the Eger and K<hIju. It it advanced 
far towards the western edge of the Bohemian massif, and towards this 
edge relatively short, deeply dissected slopes lead down, to end abruptly 
above the marginal fruit. Reference will he made in an ft t her connection 
to this marginal stone, in which the relatively unmoved Mesozoic fore¬ 
land is lying fight up against the underlying pre-Mesozoic structure (hat 
has been powerfully uplifted and is rising even more vigorously at the 
present day. To the north, east, and south, on the contrary', the land falls 
away only very slowly, after the manner of the gentle slopes of a iktlisb 
dome, the axis of. which culminates in the Fkhtelgcbirgc and is con¬ 
tinued north-eastward in the Erzgebirge. 

Two different types of land forms occur amongst the elevations of the 
central mountain land: (i) Those with sharpened crests which, when they 
are composed of the Fichtelgebirge granite, frequently end in lore sur¬ 
mounting flanks of concave curvature* (the type of Kr liiL -mc, Rudolt- 
stein. Grosser Walds telo, 1 toiler Matren; and (2) dome shaped m mmtant , 
the moat striking characteristic of which is the convex rounding ihtrt 
appears above the concave slopes and leads over to wide-stretching, 
almost level surfaces crossed, in the Dimmit region, by extraordinarily 
shallow troughs. These dome-shaped mountains belong to two indepen¬ 
dent levels; the lower one (at about 870 to 900 metres above sea-lev?); 
the ridges between Grosser and Kleiner Wald stein, I Jixhhaidc, Platte, 
the western extension of the Ochsenkopf) is separated from the upper 
(Ochwnkopf, Bchnreberg over 950 metres) by a zone of rather steep, 
convex slopes and remarkably steep valley furrows. The flat surfaces at 
both levels possess each its own system of valley troughs showing a wry 
slight gradient. These are tire uppermost part* of valleys which, on the 
slope*, are V-shaped, steep-sided and becoming deeper, in general terms 
the highest ramifications of all of the whole valley system, Thus there 
can he no tinuht whatever that the surface* arc not isolated flattish land 
forms, but fragments of a flattish form association. Those at the 900 
metre level occur all round the land which projects above tiut height. 
The accordance of altitudes, but in special the limitation both upteartk 
atid doKitfcanft by the nime zones of convex tystemt of»topes, wk&k upartite 
them fit no ejfrrttpondhtg trreh of Jh tilth form /mociationi ahat-e mid helm, 
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make it cettam that the fragment* of flatfish relief occurring at the same 
height arc parts of one and the same pcricplane I ,l\ in fig* (41 

But il b nat, after all, tlie highest and oldest peneplanc of the moun¬ 
tain mass. The highest tlome-s Oehsenkopf and Schnccbcrg,, have in 
their turn cunridenibli: relics of u higher one from which isolated tors— 
insignificant but dearly recognisable remnants of a mountain]and once 
rising above it—project above the flatfish smervalley spurs that belong 
to it. The record of the history of these mountains logins, therefore, with 
the features of almost completed waning development which are to be 
found at the summit of the highest and oldest elevations. What is pre¬ 
served of the pcnepJatie has the charae&erbEkw of an end-pencplanc (F x 
in fig. 14), which has spread at the expense of some sort of mountainLsmiL 
Of this hater only a few rafixer steep slope units remain. Nothing has 
been preserved to show the waxing development which must have pre¬ 
ceded the waning development that h COminuIng to the present (by in 
thb oldest part of the mountain mass. 

Similar conditions are found at the lower level* The pcncplane P t at 
one time uninterruptedly surrounded a ‘central muunTainlatid\ of which 
□uly the highest devotion* still bear relatively restricted remains of thc 
oldest Banish relief (P,), The lower peripheral c leva turn* no longer show 
anything of this. Here the steep concave slopes risinu up from the F, 
surface already intersect in sharpened crests (c.g. Koaseinej; nr else in 
the closer vicinity of the highest projection# — wbm remains of it arc 
merely isolated rather steep slope Units on the top of the British inter- 
valley spurs of the P f surfaced the granite lors^L This means that the 
waning development which started from Lhc F s stir fact, has been almost 
competed if l the peripheral region of what was once the central moun¬ 
tain land, but in the imtamnst part of U b still a considerable distance 
from its goal. 

The progress of the waning development b ttsoditod with shallow, 
but fairly alee p-sided erosion furrow >, w hich reach hack up the slope* of 
the dome-3haped mnutitainsamJ debouch on to the l\ itirficr, thb being 
their nearest level nf reference. In addition in them* tlterc is a consider¬ 
able number of larger, deeper, and mure *tccp-rided valleys, V-duped 
in cross-^eCtiotV, which start from different yet always lower levels of 
reference {local base levels of crOW00); and it is quite clear that they cut 
back more vigorously the lower the altitude of their reference level. 
Valley courses, which have dissected the P a surface also into separate 
fragments, act as such levels; and naturally they could become the start¬ 
ing point uf these V-shaped valleys only after they themselves had 
worked right back to the most ventral part of the mountain mass 5 **. In 
the region of the upper aHima of l hr Eger and Rtiahu, Iwo such lewis 


I f*JI • 


Icjii-v* W) 




wtfrrw *f> 


*! w m ww J[\ 

i** 



FlCJ, 1 4 




















}» IEPMONT BEMCHLANDS 


la 5 


can, in the main, he observed. These are [i}, the very broad, undulaTing 
heights with an exceptionally level appearance, found between the sunk 
valleys <if the Eger, Roslau and their tributaries, and [a] these valley* 
thcinselves. The tops of the imervalley divides have their own system of 
exceeding!) shallow* often swampy and peaty valley troughs, and keep at 
an even height throughout (on the average 670 metres). They are broad 
fragments of 3 uniform peneplain- which extends over granite, gneiss 
and quart?; phyllite indifferently. In the Kessel von Wunsicdd. framed 
round by the central mountain hod, ii lias a gentle general slope Imm the 
foot of Hchnecberg (slightly over 700 metres) eastward to about <150 
metres; and low HartUnge (fdsite porphyry of Thierstein) and relatively 
recent outpourings of basalt project here and there above it. I he wide 
trough-valleys of the Eger-Rifcliiu system arc sunk into this P» surjarr 
(fig. 14); their most recent laic rat branches, bordered by convex slopes, 
are working back to the interval ley spurs and effecting iheir progressive 
diaimcgraiirin. 

In the form of tcide vaileyt the P a surface leads between upstanding 
parts of tlte central muu mainland in the Markt Rcdwitz district south- 
wards into the region of the Stub, westward over WeiftSenstadt-Gdrees 
to that of the Main, and northward* between Korcilverg and Wald-.icin 
to die Saalc area; and it is thus in uninterrupted connection w ith the ex¬ 
tensive north and south slopes of the mountain mass. This connection is 
not destroyed nor rendered on recognisable by the fact that very much 
narrower, younger vallev furrows are sunk in the above-men tinned gaps. 

North of the central mountain land the peneptane P a is the dominating 
form dement. Characterised throughout by a uniform flatfish surface, 
made slightly undulating by valley troughs, it goes on from the edge of 
the central moumainland. where its intervalkry divides reach approxi¬ 
mately 700 metres, over the Munchbcrger massif of gneiss and the 
surrounding Palieossoic outcrop* °f theFranienwald and Vijgtland north¬ 
wards as far as the Schanlwfg-Mehliheuer-Byrau district to the north of 
Hof, where it? intcrvallcy divides lie at a mean altitude of only 560 
metres. It has s general slope northward*, and ends in the district named 
as a mujulobate edge (a zone of steeper convex slopes); while, lying in 
from of this, groups of hills and inselbergs, cut out from the peneplanc, 
witness to its once far greater extension northwards. We shall refer later 
in this and to its present state of dissection into valleys. 

Thr P, pencplane not only borders the high pans of the central 
muimtLnnkuid which cam,' the flottish relief P,, but trenches upon ihis 
in the form of valley*. It thus denotes a lev el from which there originated 
the (tret definitely euablished disscctinn nf the higher parts of the land 
by valleys, The dissection nf the P, surface into separate fragments goes 


2ofi UNKING OF SLOPES AND SETS Of LAND FORMS 

back to these- far distant Limes and has been in continuous progress right 
from the beginning up to the present. day, It has been brought about by 
waning development. Concave slopes lead up from the P a surface, where 
it borders flit higher rising country. They already intersect in sharpened 
crests, crowned by crags, in places where the side valleys debouching on 
to the P, surface are sufficiently dose together (Holier M men, Kppretht- 
ateinj: here and there, the higher parts of the country have already been 
completely removed, except for crags. Mention must be made of the tow 
b]ocfc-like summits, crags and boulder heaps set upon the interval!cy 
divides of the P, surface as found, for instance, on tile heights between the 
entrenched valleys of the E-gcr-Kdshu system* 4 ". Here, too, the P,sur¬ 
face directly adjoins the main mass of the highest elevations, on the 
flanks of which (fast side uf Schnccbcrg) particularly sleep concave 
slope (with a sharp convex break of gradient) lead up to a highland 
which corresponds to the upper level of crags (about 880 metres) [Hj in 

fid- Hi 

We can now recognise the following general relationships; each pene¬ 
plain.- uf piedmont benchbimls continues in the form of valley-floors into 
the regions rising up above it bach tower pene plane is thus the level at 
which dissection starts for the zones where the upper surface is a higher 
pent:plane, rvery lower penepkne must therefore in its origin he younger 
than the next higher one. and the highest parts of the country "are also 
the oldest areas of denudation. Dissection by valleys is a consequence of 
erosive incision. At the present day—and apparently always—(his is 
associated with the sleeper slopes which connect tw-n pc tic plane levels, It 
is there that convex valley-side profile* and convex longitudinal profiles 
occur in the headward cutting tributary valleys. In short, the pcncpbnc 
levels art separated from one another by zones of convexity. The erod¬ 
ing portions that arc working backward* find their neural reference level 
<wi the next lower pent-plane, on n> which they debouch (leaving out of 
consideration the younger valley courses that are already dissecting that 
surface). The eroding sections leave behind them zones of decelerating 
or of completed erosion. The waning development starts, therefore, on 
each lower pern-plane, and spreads upslope From it. Piedmonl bmdtlmdt 
are thus rhararterhal by zonul tiUmrntums of the features nj waxing dr- 
vtbptr.enl {aust erity) and nf waning development {tonemity), uj they hare 
hern fnthteed through in idiot has been sard abuse. With &t j c h an arrange - 
ment. therefore, each pt-Jicpknc is in fact related tn the one next above it 
it) the same wuy as » piedmont flat to its centre) mountain land. Just as in 
*uch 4 system nf waning development, the central mountain land dis¬ 
appears along its edges, am! the piedmont flat spreads at it* expense, so 
dot-* eac h pen c plane nf j pied men L stairw ay spread at the expense of the 
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next higher pcneplane step. Tills biter is progressively disintegrated 
into a tnounmnlaad by the invading valleys, and the watersheds lictween 
these valleys become increasingly notched and dissected, till himlU 
nothing is left of diem but insdbcrgiSH These, therefore are always to be 
found In a gone in front of the labile edge of cadi peneplane step, and 
their height accords well with that of the step or Ut lower. This may be 
particularly well seen in the northern sections of the Fichtd^ebirge (and 
Erzgebirge) slopes. As soon as the conditions for waning development 
occur on a ptntpbnt (vur* separation from its own general base level of 
erosion). cadi one of the whole piedmont series spreads in consequence 
towards the higher and older regions; ai the same time, it is narrowed 
down by die next lower $icp fc is disintegrated into a mouritaifdand of 
accordant height, ami finally removed- Thus each piedmont flat has a 
pari lying towards the higher country (a proximal part), which haa the 
characteristics of an cm d-peneplain e. This is the part which grows so Snug 
as anything remains of it and of the land rising up above it. 

It can readily he understood ihai the downright 'eating up 1 of the 
penepkne, by the step next below it, must have reached the maximum 
Amount at the places where denudation, in the form of Waning develop¬ 
ment, has been acting longest [counting right up to the present day). 
This is the case for the highest and oldest para of the area; of the P t 
surface in general, only such fragments Still remain as correspond to the 
proximal pari,, which has the nature of an end-penc plane, Of the P t sur¬ 
face, there are substantially larger remnants and ihe greater part of them 
Ho 01it side die aonc of entgs (Wildrttfii ridges—Kombcrg, and western 
foreland of OdLscnkopf and Schnceberg). It i*ai lea*i unlikely that they 
arc of the nature of cnd-penepbtirs. By far the greatest pan of the P 3 
surface is of just the <amc type as the I Uo peneptane, in view of its 
analogous features. "This b undoubtedly the case in the region of the 
M iltich berger gneiss 1: ( . 

The tubed n on hem edge of the F f Hat (north-west of Pinuen, Vogt* 
Sand) rises less sharply tlian the upper steps. Extremely wide trough - 
shaped valleys invade its domain there 5 - 11 * and dissect it into no less wide 
interval ley spurs.. However, in the region ctansidered, these no longer 
exhibit an undamaged pciieplane; but they are in f heir turn directed by 
thcahallow trough-shajicd tributary 1 and headwater rumiftcationsuf thus*; 
valleys into a disturbed hummocky landscape, the mmimits of which at 
first reach almost to the height of the P, surface (about 5^0 metres?, 
becoming, however, noticeably lower to the north. In this direction there 
is a complete breaking down into ifisdbevgB, which look as if they aiood 
on the interval Icy divides of a hxter peneplunt (P 1 in fig. 14), North of 
the tiurmw iinsdbng ssorie, thi* extends* unbroken and absolutely llat^ 1 , 
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ilisapptaring under ihe Tertiary and then under the Pleistocene pra t trial* 
of the lowland embay men i of Leipzig, 

The arrangement is again characteristic; the P t surface continues, tit 
the form of valley floors, into the step on tlie top of which the higher 
pent plane extends, and in from of which there is a relatively narrow strip 
set with irtsdhergs. The two pc deplanes, are separated from each other 
by a zone of steeper convex slopes which are nevertheless not so high 
and are noticeably Jess steep iban the analogous zones between the 
higherpvncpUnc levels(P s P*, IL-Pj. 

Ptocplane P 4 , also, has 3 general slope down towards the north. 
Near the edge of the step next above it. there are the mtervalley divides 
belonging to that surface at a height of about 500 metres, ju *50 metres 
or less in the neighbourhood of Zeulcnruda-Naitschau Ija , sinking down 
northwards to 400 metres (south of Triptis and Weida) and further to 
350 metres (north of Trip l is) and 300 metres (around Weida). Here, 
where the Elmer, Wcidu and A tuna unite, the pcnepbne is preserved 
Wily in narrowed fragments on die heights between the shallow valley 
system entrenched in it. But it can be clearly recognised, and that not 
only on account of the system of valley-troughs which is peculiar to it. 
but particularly by the aid nf the Tertiary beds, which transgress from 
the north as far as that *** The peneplain: in this belt passes from the 
folded Palaeozoics (Cambrian to Kuhn) over the Zcchstcin on 10 the 
Lower and Middle Hunter sandstone. 

ILil Tertiary beds which transgress farthest southwards over the F, 
surface belong to the Upper stage of the continental Jjjwtr Oligocctie. 
rise lower division uf this (which may, however, already be ui Eocene 
age) did not si retch out so far. It, therefore, does not appear on the 
mountain slope till a slightly more northerly latitude has been reached; 
and in the area where it is best developed, the lowland embayment of 
Leipzig, consists of clays, fine sands (or quartzite) and intercalated seams 
of brown coal. By contrast, the further-reaching upper division is charac¬ 
terised by the coarser facies associated with proximity tu the mountain 
moss; it consists of lluvnuile sands and gravels, the composition of which 
points to twig continued transport (not necessarily From a great distance). 
Its lower surface is anything hut 3 plain. Apart from the slight iuctpiali- 
tics which result frum the mantling of the system nf valley troughs be¬ 
longing to pcitcphnr line can notke a gentle sinking nf'ihc- surface of 
transgression at Jjoth rides (not, however, tectonically conditioned) to¬ 
wards the valley uf the Lister near Weidi and smith of it; an old. very' 
wide am! shallow valley course, into which the Lister and its meanders 
have been sunk, has Iwett filled in by Oligoeote material, Within this 
valley track and a few of its side branches (e.g. near Netradikauj the 
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Tertiary penetrate^ far southward* up Olsmtz, south of Fkmco; and 
there, on a very pronounced ledge on ibe valley side, high above the 
EJstcr, it reaches to more than 400 metres above sea level 11 ** Jt is this 
Valley track* the most important, the largest and therefore ako the deep¬ 
est, still followed id the present day by the Ebtcr, which belongs vj 
penepkne F t and from it has invaded the Wgher region to the south™. 

This situation is riguificam for Jedding the age of the penephnek If p 
where lhc exposures preserved in this area seem to justify it p one duiesr 
the petteplaiie 1 J , as of Lower OJigoeenc age, then it is quite dear that 
ouch an age tan apply mly to the P* surface amj to some former ?tagt^ of 
the valley dissetfion of the higher parts; the higher pent planes which 
occur there must* on the other Iniiicl, be in every ease older and in parts 
substantially older —-so ftr m thar origin if This latter must 

he stressed, since we have recognised ttuu every' penepkne belonging to 
a piedmont gtairway, any peneplane at all above winch higher land rises, 
ia Continuing to grow, up to the present day, and must go mi growing 
until the higher upstanding parts vanish, however far back its first 
appearance may reach. Tlsvrefore even e-Mrcmdy ancient pencplajscs of 
this kind always poshes* parks which have a geologically recent origin. 
Though their exigence can i>c established, the} cannot, however, be 
distinguished from the older paru. 

before looking for further evidence as the date of formation of die 
peheplanes, let u* cast a glance at the present dissection by valleys, the 
history of which adds substantially to the picture so far gained of the 
piedmont stairway* All its steps are sharply incised by valleys, younger 
in origin than those cutting through the pctieplanc levels bounding them 
at cither side [Le. top and bottom]. The arrangement and diamcteristies 
of the pcncplanes ere preserv ed intact and unctfaecd only in those parts 
of the watershed regions between the main valleys w hich are far from 
the streams themselves (in thi* case the Haalc and the Ulster). Side 
branches from these push upwards towards the main in ten-alley divide^ 
and disintegrate: the pent pi .me &lep* on them in the same manner as can 
\x observed at die frontal cd^ea id the pctiepbues, This is happening 
not only today* hut has been happening all the time- from the moment 
w hen one of the mam watercourses began to cat through the individual 
pcncpkne levels. Ilms along the main valleys the features, including the 
forms, of valley dissection are andogoiis to those at the eurrespriding 
level on the frontal edges of the piedmont Hals, Here and there It b pos¬ 
sible to identify therm aincc dissection by valleys follows certain inks, ill 
the suinic way as Isas been already shown far the Her*, Identical jf tiger of 
TOlUy dissaiwn Jwc-e not only cantOrdanct of form, in longitudinal and 
trQfttttfru profit. Tftry are alp* itpontitii from tfitgrt, hath ahrm and Mott, 
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which hai r forms concordant with one another, by similar convex fragments 
ol slope or zones of slope {,in the valley c ross-section), ami by simitar convex 
breaks of gradient (m the longitudinal profile). The must reliable starting 
point for the investigation is the unifumi level established for a particular 
pftiepkne. 

Following the main valleys upstream, one quite usually eorncs to 
iiones of decreasing valley depth, increasing valley width ami diminished 
gradient of the valley slope* t he same arrangement is found in all the 
side volleys, SO that thdr headwater branches have absolutely the same 
character a* the headwater reaches of the main rivers* They show the 
oldest, earliest stages of valley dissection; at their lower ends appear later 
stages w ith greater depths and especially with steeper side slopes. These 
have not worked so far upstream, 3 tid they arc separated from the fust 
group and from one another by breaks of gradient, steeper trachea ut 
back working erosion. Along the main valleys, and along those tributaries 
very plentifully supplied with w ater, these break* of gradient hardly ever 
occur, and hat e never been established with certaimv. The reasons for 
this will later be found to he in the mass of water and in the length of the 
stretches of Valley along which the gradients and the differences of 
gradient are distributed. Entry on older stages of stream dissection is 
here revealed primarily by the lessening of the gradient and of the height 
of the valley flanks, even when these rise directly from the dow n-cutting 
stream. On the other hand, in the shorter side branches, the breaks of 
gradient are developed very dearly; the floors of the older stages of valley 
dissection now cut into by headward erosion—can often be traced as 
terraces close to die headwater region, it. in the area of the very early 
phases of the valley history. For the whole valley system the rule applies 
that eroding portions arc steeper ond have a greater difference id altitude 
between any two breaks of gradient, the lower the level to which they 
belong, t.c, tile later they have arisen ,ii the base level of erosion. The 
system i* based upon the valley troughs of the pcneplane in the same 
i, luractcnstjc -i n in the I hr;,, ! hue it is ijuur certain that the par is of 
the piedmont fiats which lie outside the semes of crags or inselbttgt. as the 
case may he, are not eml-peurplanes, 

Thi* applies especially to the extensive surfaces of the P a anti l\ levels. 
The i brush and often stie-amless valley troughs of the P, surface have 
except ion oily Hat and broad valley troughs, uf somewhat greater depth, 
sunk m them. And it is only at this level, which may be called for short 
the T, stage, that the narrower, yet still always very wide, trough- 
sliaped valleys work back into the slope towards the main valleys and 
towards the northern edge of the step These Valley* debouch on lo the 
J\ surface and so represent Its continuation into thr region of higher 
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land {’1 4 valleys’). The T„ valleys are att intermediate stage of develop¬ 
ment which intervenes between the formation of the I', surface and the 
slightly lower Pj surface. And indeed, if the convex and concave frag¬ 
ments of slope are attentively followed dong the course of the valley in 
(pleadon, ii is seen that this is really only the most important of sn era! 
intermediate Huge-, for which tin exit on to the correspond mg piedman! 
Hut {which must lie above P ( ) has not been observed (fig, 15). On both 
sides of the Saale valley above Hof. right up to the foot of the central 
in on ntain bud. there are T, valleys, which have caused far-reaching dis¬ 
section of the peneplanef P*). converting it into a hummocky landscape, 
and near the main valley almost into an mselherg landscape (see the pro¬ 
file of fig. 14 nn p- 504). And the same stage is reached in the region of 
the headwaters of the L'gcr and Rdslau at the edge of the highest inner¬ 
most parts of the country. The final ramification* of the whole of the 
valley system entrenched in the P a surface bdkmg to this intermediate 
stage, lidow it the narrower trough-shaped valley's follow' as the next 
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stage in valley dissect ion» everywhere well developed and well defined, 
On account of this arrangement* it is with the similarly-shaped T* valleys 
that they can alone be identified* 41 . Front the Saak, w hich near Hof has 
already cut down below this level, steeper stretches of valley are working 
back; and in their tower courses these approach dose to one an oilier, 
The landscape around Hof owes its characteristics, to these convex slopes 
in the younger T-shaped valleys 551 . In the Saalc valley itself, the bottom 
of which is entrenched below the T t level, there is nothing to indicate 
that its present condition could have been brought about in any way 
other than the backward w orking of a uniform portion of the stream w ith 
increased trosional intensity; from the moist alluvial valley-bottom, con¬ 
vex slopes rise up above the concave fnot-atopes. Yet if the correspond¬ 
ing side branches are followed upstream, a whole series of intermediate 
stages, arranged one beltiml another* is to he found there. All are sunk lit 
the bottoms ofT* valleys; upwards they puss intn these, downwards they 
art characterised by increasing depth. iuLitasing Steepof the slopes, 
and decreasing width, and they slro merge into one another. The 
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'intermediate stages* us these observations clearly stum\ are not separated 
pluses in the process of dissection, but members of a etmt'muouJt developmental 
series; and this points to the steady nature of the course of the natural events. 

This is also shown by the 'intermediate stages* lying between the P* 
and Pj surfaces. They result from the steady action of erosion, which 
began at the level of the P| surface* In the longitudinal profile of the 
hack ward-working valley branches, tJac intermediate stages are to fie 
found arranged one behind the other. In croso-aechon they are revealed 
even more dearly and ma •■ be mure easily recognised in the dope units of 
decreasing gradient which follow one above the other in the continuously 
convex turve of the slopes. These begin from the above-mentioned steep¬ 
est slope unit produced by the act of erosion and pass upward* gradually 
Into llic thiLtash forms of the dissected pcneplaiie. Il is not only along all 
the valleys sunk hi the P a region that this convexity in found; but it 
occur* also along the whole multdobate and incised edge of the J\ sur¬ 
face (\ib end in the direction sloping a wav fmm the mountain mass}, and 
in particular at the in^lbergs which lie in front of that edge, 'Oiese are 
chart CteriMt) throughout by foot slopes of concave cu nature* above 
which follows a section of the slope with the maximum possible gradient 
tuning the same inclination everywhere. Above this lie convex slopes 
decreeing in gradient rip to the fijiitish, often almost level, summit (&ec 
figs, 14 and 15). The magnitude of the difference in gradient between the 
thinks and the summit surface, which is sometimes of considerable ex¬ 
tent. makes it impossible for this convexity to have originated from the 
rounding of a sharp edge. Indeed there is as yet no sharp edge* at alb he* 
the concave slopes uf the banks do nut yet actually intersect at the tops of 
the inflelbcrgs considered; hut the lop ia formed by a remnant of the fiat- 
ttsh forms which* under ihc circumstances, can belong only to the dis¬ 
sected piedmont flat. Below [hi* ihcre follow in order ihc slope units nf 
the- 'intermediate stage*'* Which are characterised by increasing steepness 
- phases of increasing erosion; bduw that again, as far as the 1% surface, 
by decreasing gradient —phase* of weakening erosion. 

Now it has already been emphasised that the insdbergs rupidly 
diminish in height with their distance from the P, step. In the light of 
the features cslablishcd. it follows that this cannot be a matter of lower¬ 
ing bv denudation, since that cannot begin until tile concave slopes have 
intersected at the top of the hill. But ah:iou$ty the P t ittvl approaches the 
level of the P t surface m the direr two of the general slope of the mountain 
man* Both converge in the zone of the imelhrrgs md origimdly passed over 
into one another (see fig. tft, p. 214), "Him rcfaltuftahtp of piedmont 
m one another am be ituced between j|| tine Insect steps of piedmont 
henchhttub; it h found on ihc northern *L>pe of the Kr^gthirgCi 
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especially dearly in the Black Portal, to the piedmont benchlands of 
which we shall return in another connection, and elsewhere 1 On the 
other hand, it cannot be traced between the higher steps—not because 
the same relationship did not exist there* c.g. between F, and I*,, between 
Fj and l\ of she FichtcJgcbirge,, but because denudation lias already 
lies 1 roved the connection to a far greater extent* the central regions of 
piedmont henchlinda arc always zones in which denudation, m the 
direction of waning development lias already been going on very much 
longer than in the peripheral parts. Thus, in the^e central parts the penc- 
pbkCi have already extended considerably at ill* expense of the step 
above, and they have even been much shortened themselves by the lev*! 
next below. The original boundary zones bet ween the piedmont flats, 
the only places where decisive observations are possible, liave thus com¬ 
pletely disappeared. It cannot even t>£ established with certainty 
whether* between the still existing levels* there once lay tmermcdiiite 
levels of pied mom fiats, which since then have been removed by the 
energetic upward working of the valleys and steep slopes culling back 
from the lower peneplain;*, At all events, the fact tliat the scarps between 
the oldest and highest penepbnes are steeper p higher and sharper than in 
the peripheral younger pans of the mountain slope*, points in this 
direction-^, 

't hus it becomes evident that the scarps between the peneplimes are 
not an original feature, nor are they in anyway connected with previously 
formed scarps; but they are the result of a definite- processed denudation, 
viz, of dissection into valleys, commencing at a bwn level of the pene- 
plartc. which is not an cml-pentrplane, In this wav eroding portions wurk 
back at many places into the region undergoing dissection by valleys, 
and cam rip hi into it slope unite of increasing steepness* The steepest 
of them, which corresponds lo the maximum cmaEunal intensity reached 
in the given case, i*. also that which develops the most rapidly. It is the 
most vigorous in working upsktpe, extends al the expense of its flatter 
predecessors^ and so became* the decisive factor for the mean gradient 
of slope found on the flanks of all the valleys, side branches and ramifica¬ 
tions, These 4 re therefore uniform in character, arc bounded by slope* 
having the same average gradient, and preserve this fundamental trait 
even after waning development ho* set in. For. oh the one hand, the 
slope unite retreat from the line* of the drainage net, preserving their 
gradient meanwhile; and, on the other, fncuh V-shaped erosional valleys 
arise on Lhc flanks of the already developed and widening valleys. In 
tlicifc new \ alleys, the same crosional maximum is reached as k charae- 
ferktie of the process of dissection, so long as there are still steeper slopes 
leading tu kiid which stands up higher. If *ide branches meet, they 
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detach some complex' or other from the region which is undergoing dis- 
mtegmba. Both vdHey branches and detached fragments arc bounded 
by valley slopes of a definite average sleep lire*. The complex that Imfi 
been separated off fo rms msclLvcrgs , and the equally steep slope of I he 
npftosiie side becomes a part of the scarp face w hich separates the dis¬ 
sected pefteplann from the lower piedrnom Hat. The scarps between (hr 
various peneplam levels 0/ 0 piedmont stairway are valley slopes or hare 
originated from ruck slopes. This explains the character they bent through- 
out; the division into lobes, with everywhere the tame average steepness, and 
especially the way in which that nature and trend art completely indepm* 
dent of the l Juiracttrr of the rcn:ks. This last most conspicuous characteristic 
must be particularly stressed. 

Since the dissection and the waning development achieve tJvnf end 
soonest ut the edge of the higher region which b differing diaimegnttion. 
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the original border zone between the higher and lower piedmont flats is 
also the first to be destroyed and removed. Its place h taken by the stone 
of insellwrgs, and the part of the lower peneplain: that is .spreading up¬ 
wards, and possesses iht diameter of an end-peneplain* {fig ifi), If at a 
1-Iter stage nf development, this spreading part of the lower surface has— 
so to saj -consumed the upper pcneplnne to such an extern that there 
remains only the proximal part of l lie latter with its endpvtiLplanc 
character (like Pjwnd P, in the tidirelgeblrge), then they are tnd-petur- 
planes that can be observed rising step-like above one another. It is tile 
only case of this kind which can possibly occur any where on the earth- 
Ir can lit- produced only from a piedmont M airway. And so wc are 
brought nearer to the problem which this presents 

1 Jic origin uf a pcncpfanc is Like the origin of the jlottijh ufapts which 
stretch from the floors of valleys- to their interval ley divides. Finnish 
slopes are iStuciileJ with those reaches of streams where the erosion is 
sufficient iy >bw, nr, in the limiting case, absent. They meet bu as to give 
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ftattixh relief* *.c. form a peneplune. where the whole drainage net of a 
denudation area i* characterised by an intensity of erosion with values 
which lie between Eero and a definite upper limit, and remain at this 
value. This occurs, and can occur only, when this conditio it applies also 
Ip the main watercourses, viz. when the streams directly tributary to the 
general base level at the edge of a tectonically uniform segment of the 
earths crust—c*g. one which lias been moved uniformly—have been 
sufficiently Jntig without the occurrence of any cause leading to a rise in 
their erosion a! intensity above the afore-mentioned limit. In the history 
of any parr of rhe earth's crusty which h exposed to denudation and is 
still actual!) undergoing it, erosion a I intensities between zero and .1 
(small) upper limiting value appear twice in those reaches of streams 
which arc directly tributary to the general base le vel of erosion—-and it is 
they alone which matter: (i) at the beginning of each period of erosion, 
and {%) at its do^c. Or, to summarise it more exactly: at the onset of the 
causes which compel running water to erode, and at their cessation. The 
end*pent:plane is composed of the combination of ftattish slopes which 
occurs as erosion come? to an end. The course of its formation is charac¬ 
terised by progressive flattening and is expressed by the appearance of 
characteristic features. If has, on the contrary, been established for pied¬ 
mont flats, that the) are not end-peneplancs, but that their develop men t 
is in the opposite direction, that of progressive steepening ot slopes. This 
indicates, not that erosion has gradually died down to an intensity of 
zero; but than on the other hand, there tua been an increase from zero to 
she Limiting value, beyond which one can no longer speak of a peneplane 
as sueh T hui only of its direction, Peneplains of this kind have been 
called primary p<ttrplmrr 11 . Their origin can he defined in j general 
way as hdng due to the first onset of the causes of the erosion. Causes 
acting in audi a way that their intensity increases sufficiently slowly from 
zero in the direction of that upper limiting value which has been so 
repeatedly mentioned. 

The problem of piedmont bench buds can therefore be referred back 
to the rawjpj of the erosion, the variations of their nnsci in space and 
lime, and the dilferinit degree of their effects. 'I hese causes always come 
into play for the first lime in one zone after another! each zone in turn 
having been pushed ever further down the moimmin slope; and erosion, 
as ir began, obviously found only slowly the opportunity for increasing 
its intensity. On the other hand, upward* from tHih peripheral zone, 
I here aft simultaneously l«' be found the causes of the increased erosion, 
and these follow after mirr another into several zones lying each uite above 
and behind the other Fur each individual one of them it cm be estab¬ 
lished that eroriomd intensity increases to a definite maximum. The 
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valley's history shows that these successive ma'am a become greater, lit 
out example tills is valid right up to the present day for the sharp V- 
Miaped valleys which art through the Oliguccnc Jfcds and the relief 
covered in by them- 

The tran agression of the flower Oligoccne on to the pentplanc of the 
I’, [tvd does nol. however, prove it I" be of Lower Oligotqhc age. That 
becomes evident from the outcrops east of Leipzig, where there has been 
a slightly stronger raising of the general slope of the mountain mass, so 
that its northern edge appears pushed farther out towards the North 
German Plain than in the Lister region. Lower portions of the piedmont 
stairway have been disclosed in the region of the Muldc On the divides 
between the present valleys, which arc not sntilr particularly deep, there 
appear wide stretches of flaiiish landscape, portions of a uniform pune- 
plane, dissected merely by those valleys in which the P t level can he 
recognized with certainty. Hul the old pc nc pi aim is preserved intact only 
beneath the still existing remains of the transgressing Oltgocene. Where 
this has Itceii removed, there has not been a simple re-exposure of the P t 
surface, but some alteration of its form—the change, however, being 
kept within narrow limits. The system of valley troughs, going back to 
the OligtK'cne, continues in a similar manner in the stripped substruc¬ 
ture, In other words: the flattish puat-Oligocene valleys transmit iheiti- 
sclvcs, as it were, to the substructure which bore tile T* surface will) rtf 
own valley net, sometimes taking a ditierent course. We must therefore 
start from the form associations buried beneath theTcrtiarv. 

f rom the Lister region, the F, level can Ik: followed into that of the 
Muldc as a uniform pencplane. It extends from the Variscan folds of 
the old Palaeozoics, south of Gera, over the remains of the transgress¬ 
ing Zechstrin ami Hunter Sandstone which are preserved there, on to 
the ftotliegende of the Erzgebirge basin, and goes, over the Gramilitgc- 
birgr and its met amorphic aureole which consists for the most part of 
Cambrian schist*. Associated with these is a series of Ifattiinge forming 
broad hump: Northwards ii enters the extensive area uf quartz por¬ 
phyry in north-west Saxony. I tore, too, it has a general slope downwards 
to the north; for the intern I Icy divides at the edge of tile Gtsnulitge* 
bilge have on the average an altitude of 270 metre* (individual HSriHngt, 
such as the Rocblitzcr Brag of quart* porphyry tuff, rise above that to 
350 metre*}- whilst northwards in the region <.f RochEte and Mutaichcn, 
llicy arc Oflly ronml shin til 22 f> -330 metres*’ 5 . 

In the middle uf the quart* porphyry district, in an irregular none 
funning on the whole in a north-easterly direction, the evenness of the 
rolling V, surface i* lost; it disintegrates into a hummocky landscape 
u ilh dome* of accordant height, and fiisally into an excellently developed 
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xomr of ifipelberg^. Whew the lower 
surface of tlic Oligocenc is nlapped, 
the following features appear 1813 (fig, 
17): the Lower OUgneenfr has been 
removed, except for scanty remnants* 
from the broad shallow valley troughs 
that belong to the P* surface 1111 . 
Trough-shaped valleys, slightly nar¬ 
rower and with somewhat sleeper 
aides, arc *unk in these troughs; and 
these often -till contain a rather thick 
series of Gligocene beds with rem¬ 
nants of brown coat Thew break up 
the pentrpbnr into lull country ^ ith 
low rounded heights. In front of it, 
these shallow trough-shaped valleys 
unite into :e Hurt of piedmont inter- 
mediate level invading the 1% region, 
which is but slightly higher, in the 
form of extremely wide valley courses; 
while in front of the P 4 region il forms 
j hrnstd continuous platform, and 
further to the north surround a the 
inselhrnzs belonging to the P 4 level 
(of the ty|Mr of Kolmherg near 
Trebsdi, lluhhurger Mountains, 
Oschatzcr-KolmbcrgH etc,). In the 
same direction as tile slope of the 
mountain mass, that is, in a general 
northward direction, the m termed Late 
level Milks from about 200 metres in 
the south to about 180 metres north 
of the town of Grimma and 150 
metre* north of Wursscm 
Sunk in the alight volley trough* 
of ths: intermediate level are trough- 
shaped vulEtryi of Consider able siEr 
and great width filled in some places 
with thick (lligoocnc deposits. They 
are already visible in the neighbour- 
hood of the piedmont Hat P 4 (the 
height of the valley floor being about 
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17& jRo met res), where they tmiUnn themselves the little valleys coming 
down inim rht intermediate level, and mat be Iriittil as cnininnoiis 
feature* Bfcjfwanis and nnrthwiirds In the Iasi named direction thev 
visibly dissect the intermediate level tmo smaller complexes and break 
up this too into inselbergs. North of Worsen, in the HoNbutger Mtnw* 
i ains, nothing but these are to he found. They are characterised by wide 
summit Outs, relics of the banish forms of the intermediate level. Thev 
rise about 30-40 metres above the bottoms of Oligoeenc-filled valleys, 
which, there, are still only about iao-130 metres above sea level, and 
group themselves armmrl the last of the in sc! bergs originating from the 
P, surface. In this way they indicate that the latter had for a very long 
time been surrounded by a piedmont dike fragment of the intermediate 
level; which also, however, had been undergoing dissection up to the 
time of the Lower Oligocene transgression and had become completely 
broken down 51 *. 

The valleys in question belong to a lower main level, which we may 
distinguish as l\: and it can be inferred that it extends as a continuous 
piedmont Hit, slightly northward* and westwards of the region t'oii- 
ddered, into the basement beds of the North Cierman Plain. This is 
indicated by the extraordinary width of the surfaces belonging to it which 
are still visible, overlain by Oligocenc U'ds. and penetrate from north 
and west in between the in sel bergs; it is only further up that thev narrow 
to the size of individual valley courses of slight depth but noticeable 
width. It is further indicated by the coronet of scattered itiselbergs 
which stand up above (Etc plain, or have been found by boring, and 
accompany the northward-dropping edge of the mountain slope. Before 
this finally sinks below the Pleistocene deposit , of the plain, one becomes 
aware of tile outliers of a yet lower level, valley courses which arc sunk 
in the valleys of the P, level. In the Mulde region this low est pre-OligO- 
cene vallcy-lcvel is dearly to be seen its far as the junction of the two 
branches* of the Mulde near fJrossbuthen. There it lies at an altitude of 
about 150 metres. Downstream it is best exhibited north-east of Grimms 
(near Hahrcn), where the floor of the valley belonging to the P* level has 
been broken up hv various side branches into a miniature inadberg land¬ 
scape (the height above sea lo ci being abouT 135 metres), Further north¬ 
wards The same valley course Irads down into an extraordinarily wide 
valley, which seems 10 rcurh into the mountain slope from the west. It is 
filled to a considerable depth with Ollgocenc deposits, overlain by 
J'lejSlovene material. and near Wuran the altitude of ,1 valley floor may 
scareely reach more than 100 metres. All other connected features are 
mantled by deposits. 

We have here a quite characteristic suite of disintegration between 
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( wo pcncplanc levels of 3 piedmont stairway: insclhetg wine, dissected 
region, scarp, lie one behind the other 111 the direction of the mountain 
ascent. The lower upward -spreading pen cp lane invades the higher 
region hi the form or valley's. This relationship holds nut only between 
the main levels P t and I\ but also between these and the intermediate 
levels—of which only cite has been described in detail, though there 
‘it em to be u numher of them* 4 ®—and between the individual ones of the 
intermediate Jevelf. Ohl levels are separated from one another by tomes 
of convex slopes and tan thus be distinguished. At present all levels are 
inclined downwards to the north, all are characterised throughout by the 
concave forms of waning development, and the Lower Oligoccite trans¬ 
gresses over them all. This shows that the transgression of the ! ower 
Oligoccnc is not only later than the time of origin of the surface, but 
later than the beginning of the phase of dissection by valleys, and so 
later titan the time when the valleys of Llic lower P. level came into exis¬ 
tence. It is also later than the ]uHg-continueti periods when this level was 
spreading at tlic expense of (he next higher otic (P,). for die Lower Oli* 
gocene overlies those parts of the 1 * } surface which possess the eharac- 
t eristics of an end-pent plane anti which surround die Lnselbcrgf of the 
P* level as & wide flat. The transgression of the Lower Oltgoant, the 
lower horizons of which, containing brown coal, presumably pass down 
into tile Upper Eocene, did not begin until the early stages of the dii- 
tixtioti of the I’j level into valleys had reached back into the proximal 
part of the surface. Thus the origin of the lowest piedmont flat dint can 
be recognised ( 1 %) is pushed back into the Eoctne, and quite obviously 
into its older divisions. 'Hie P 4 surface is older still. A Iokct age limit is 
provided for it from the fact that it extends back over the t'cnoiTvinian. 
as may lie seen a little to the north and west uf Freiberg in SaxonyAs 
far as this, the Saxon Upper Cretaceous encroaches frum the north-east 
with the lowest horizons so far known (basil conglomerate, and above 
that the Credni-nn stage and the Lower Quader): it appear*. to follow a 
shallow downfolding of the basement, subsequent further warping down 
of which does not seem impossible. In that region only scanty remains of 
the Cenomanian transgression are present, on the tops nf the existing 
inturvalky divides; the flattbh relief, which is extraordinarily widely 
developed and preserved, here stretches out indifferently over it as well 
as over the crystalline basement and the Palaeozoic cover of the neigh¬ 
bouring Gnuiulilgtbirge. The identity of this penepliinc with the P, 
level rests nut only on its continuous and unbroken connection with this 
same surface in the area of the G ranulltgehirge -unde i going alremtitm 
nf form in the same way .is well as to the same exrent (see p. 2 it )— but it 
becomes especially evident from the fact tlutt mi the one as on the other 
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remains 'if the Ixnver Oligocene transgression arc still found. In parti¬ 
cular they occur even on some of the residuals of the Cenomanian itself 1 **. 

TV umirtsurfate <tf the < .'crmniatmitt fttmsgrMsdtm is on the whole un¬ 
dulating. and in detail, too, it is not perfectly even, but lias trifling Hai¬ 
ti sh un evennesses: consequently there are frequent local Hu cm at ions in 
the thickness and facies of the lowest Cenomanian horizon, and the out¬ 
crop of the transgressing surface with its almost horizontal arrangement 
of tile licds is only approximately like that of the outcrop of a horizontal 
bedding plane. 

The arrangement of the fades, however, uniformly shows this funda¬ 
mental feature: towards the south-west the clayey-sandy facies of 
material deposited at a distance from the highland changes into one of a 
sandy conglomerate, in the Freiberg district, the biisal conglomerate 
increases westwards and south-west by approximately the same amount 
as the overlying Quader is diminished- 1 *. Obviously the outermost edge 
of the Cenomanian transgression is near there; anil not far to the west 
and south-west was the area of contemporaneous denudation rising 
above it. At the present day there is found in that direction, beyond a 
wide stretch of die Idgher part of the P* surface that is, free fmm Ceno¬ 
manian deposits, j scarp leading up to the higher pencplane level; and 
in from of this there is no dearth of iuse]bergs belonging to it* 19 . 

It is highly probable that the higher pencplane, which from its whole 
(HBitinn can be identified with the P, level, continues under the Ceno¬ 
manian transgression. The gently undulating lower surface of this shows 
red weathering extending deep into the crystalline nocks** 1 , It is a sur¬ 
face of subaerial denudation, not of marine abrasion; and its relatively 
graded condition places the matter beyond doubt that it it a pfe-Ccno- 
inaman or Lower Cenomanian pencplane. From its position with regard 
to the higher land in the south-west, from the relationship m which it 
stands to the I\ surface, and from the fades of the itansgrtssing beds, it 
seems by no means impossible, but rather very probable, that it repre¬ 
sents in fact the peripheral parts of the P, surface. After a lowering nf 
tV marginal zone of the highland slope had brought it below sea-level, 
the crustal strip with ha load of sediment became, on re-emergence, the 
place for the development of the P, surface, just as did the analogous 
sections of the highland slope, at the same altitude, which lay further to 
the west, I hwt have been found to he connected in the same manner 
with the rht of the highland, but not to have experienced (he Ceno¬ 
manian interlude of flooding hy the sea. The diagrammatic profile of 
fig. ifl shows the relationships which are considered to be possible, and 
cvm probable, here. 

In any case, it is only a period of time corresponding to that of the 
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uppcrniosi Cretaceous deposits, or at most to Hint of 1 lie oldest beds of 
the Eocene, which cura be considered for the orijfwr of the P* surface, Hie 
dissection of which ha* been recognised lis commencing at latest in the 
Eocene period- The or ("in of the P 4 surface falls, with a high degree of 
probability. into the Cenomanian period. It is deaf* then, that the upper¬ 
most and eldest treads of the piedmont stairway, l\ and P u aS (ar 43 
their origin fc, concerned, date far back into the Mesozoic era. [ here is 
nothing marc logo upon, yet it i$ definitely not ioo risky to assert that in 
the Fichtelgthirge there are form associations tckfch mghtaieJ in the same 
way {not at the same place—set pp r 30S-209) during the Jurassic penorf, 
and which since then have developed further, presorting their character the 

tehoU time. 

The Upper Cretaceous and bower Oligooenir transgression* are nut 
events that arc peculiar to the course nf development of the tnmtftfain 
muss. belonging to it organically as norma! phases of development; but 
they lire episodes which interrupted the normal development oJ the peri- 
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phtral parts of the mutllttuQ block iind, have the if origin in u cf?uisc of 
development which is peculiar to the part of the earth * rrutt which 
hounds ft on the norths the area of sedimentation, l lit following facta 
show ih lit ihU area is on the whole characlcmed by 1 constant tendency 
to sink, which it has retained all through the Me&mfc-Tznmy periods, 
during which the Central German liisc may he said to have appeared, 
right tip to the present day: the completeness Q f *he predominantly 
marine succession from the Trias to the Neocene* the thickness ni the 
Pleistocene deposit*, the low levels to which they descend, and the exis¬ 
tence of areiL-j now covered by the seas width are to lie found between 
the Central German Rise and the North European zones of uplift (in 
part very” old). Thk b not the place for going into the history, very 
^ arkd in its derail, of w hat lias befallen the different parts of this gren 1 
area of sedimentation, which has nevertheless preserved the fundamental 
charseteristics mentioned abuse. Ii ri reflected in the extern of marine 
aliments and their cant!actual equivalents which fluctuated within 
wide limits in the facies of tlie lsed& and in the position, varying in drfsiL 
of the boundary tone between sedi me Mahon and the area of demidifion. 
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This boundary zone migrated to 2ml fro, according » the artra of sub¬ 
sidence increased and again diminished in rizc at the expense of the 
adjoining region of elevation to the south* the Central German Rise; Le. 
according in whether the condition of subsidence spread out heyund its 
own proper sphere or again became more closely restricted to it. Thus 
the tnnsBRmioii of the Cenomanian over the peripheral ports of the 
mountain slope (treated above) was. not rise result of a subsidence of the 
whole body of the highland: hut it was due to gradual inclusion of a part 
of the marginal gone of the uplift-denudation area within the region of 
subtidencc-sedimeni^tHm K which was temporarily growing in width* 
This process is recorded in the way the Cretaceous horizons transgress 
over each other from the Lower Cretaceous to a maximum in the Ceno- 
maniati" 11 , and in the ri to o fflt sMtm of the sea and presumably also of 
sedimentation to the north nnd north-west in Dan bn times. 

[lie Lower GHgoctme transgressiofi represents 3 similar sort 4if beha¬ 
viour. Tilt marine Eocene, including the Ha non i an, seems to hive been 
still entirely confined to die non hen 1 or rather north-western edge of the 
North German Plain. Subsidence and flooding by the sea advanced in 
the Lower Ohgocene period as far as the region of Magdeburg, in mid- 
Oligoccnc times as far as Leipzig by the l"pper Oligocenc period the sea 
bad moved back again to the north and in Miocene times was restricted 
to the north-western part of Lhe Plain, This is f however, established only 
for the advance and recession of the sea and not for the sedimentation 
as 1 whole, since this still continued in the form of a continental facies 
far south of whit was at that time the coast. Within a transgressing area 
of deposition, the coastline merely denotes the boundary mi one ride of 
which the intensity of subsidence has exceeded (or just balanced) the 
intensity of sedimentation > whilst on the other side conditions are 
reversed It. in order to make wit the emirs* and total extern uf the spread¬ 
ing crustal subsidence, the bounding edge between transgressing forrria- 
tiijifL and area of denudation is followed, there is found a similar ebb and 
flow from Eocene to Miocene, but m stria parallelism with the shifting 
uf the sea-shore. This, in Bartonian times, by across the northern parts 
if the present Plain: .md the lacustrine equivalents stretched as Liras the 
neighbourhood of Magdeburg, In the Lower Oligoccnc, thcouasi passed 
uver the*e and moved up tn -this same district, and cnnli nerital equiv- 
nknfls covered the peripheral pans of the highland slope up to the level 
of the Pi surface, indicating how far the cm§mj subsidence reached at its 
maximum In mid-DUgucene times, however, the maximum extent of 
the &ea went to just the same parti of the highland slope; and movement 
in the direction associated with emergence of the highEand had again 
established itself, denudation — interrupted by the afore-mentioned 
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tmisgresrimi—having already begun again, This i.h nude dear not only 
by tlic absence of tlic continental equivalent of the mariner mid-OHg^ 
cene beds su>utli of ihe region of its occurrence—later denudation might 
jkcp account for this absence- - hm especially by the unconformity which 
can hert and there be traced between the continental Lower Oligocene 
(or perhaps Eocene) and the marine Middle OJjgoeent 1 ** This latter 
rests upon it denudation surface at the margin of the highland slope* 

It becomes very dear that the transgressions are ramifications of pro¬ 
cesses which have their origin in the subsiding area of continuous sedi¬ 
mentation, and so of conformable bedding, and belong genetically to it + 
This area U separated from tlte neighbouring eruEtaj segment of con* 
tinuous denudation (and so of elevation J by a 201 se of transgression* and 
unvonfoirmibie ljedding, be, of crustal variations, "I'llis, arrangement is 
repeatedly found; indeed it is the normal thing all over the surface of the 
earth. 

The warping down of the peripheral parts of the highland slope 21 * in 
the Cenomanian, and especially in the Lower Ohgoceue, occurred in 
such a way tliai ilic transgressing beds left rhe existing land forms intact* 
and simply buried them. It is not possible to detect any development of 
slopes beneath a cover* Obviously this is to he explained by tile extra- 
Ordinarily fiat nature of the land in Cretaceous and early Tertiary times; 
so that with even small amounts of subsidence in unit time, the trans¬ 
gression and its deposits could spread, and indeed were forced tn spread* 
not only over great areas but also with relative rapidity. The material of 
the transgressing beds is to be correlated with denudational processes 
in the regions that stand up higher. It cannot in- said that the Ceno¬ 
manian and the overlying Cretaceous horizons together with the Lower 
Oligocenc are strata which cun 1 >e correlated vs irh rhe formation nr origin 
of a definite set of land forms; but they are coredated isitfi the efxuhs tort- 
eernrd fu the further detehpmml of the given form associations w hidi, as 
the investigation into the piedmont bench lands has shown* emi dimes to 
the present day and has remained unaltered in its direction: progressive 
tli&secdoEi by valleys and breaking down of the scarps between the pied¬ 
mont flats, with the growth and extension of these flats 211 the expense of 
those next above them. There is no need to follow here fhu further de¬ 
velopment of the highland slope j,s up warping recurred at the peri ph era I 
pam, which had been covered by the Oligucenc ftedtvnentt, as the over¬ 
lapping deposits were gradually removed, as their under surface became 
transformed, and a* ihe sharply V-dlnpcd valle\&—which even at the 
present day are found at the lowest parts ui the skppc—began to appear, 

l 1 here has not yet been enough investigation to provide a world pic¬ 
ture of the distribution of piedmont flats and pied mom bench kind* It is 
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in the nature of the case, und may be deduced with certainty from the 
present observations* that this is by no means a phenomenon confined to 
the German Highlands. The characteristic arrangement of piedmont 
benchJands may be recognised, amongst other |place»], in the Atlantic 
slope of the Appalachians. Only the general outlines are known 614 . We 
will pass over the iiUerpretaiiuiis of the features so far given since 
throughout they are based on the. fundamental sumption that the cycle 
of erosion is applicable, and will consider only the features themselves, 
J he highest and oldest uf the known levels 5 * 4 is formed by mountainous 
country which adjoins the main body of the southern Appalachians, and 
is in a far advanced state of breaking down into inselbcrga and groups of 
similar residua! hills. Its relationship to the surrounding pencplane— 
which once stretched continuously over the Appalachians and is hit ill 
preserved in North Carolina as fragments of considerable extent —Is that 
of a centra] mountaitiiimd to its piedmont flat. From the accordance 
shown by the summit height* uf its upstanding porta* Willis concluded 
that these reprint the remains of a higher, completely dissected, pene- 
plane level Tim conclusion is fully justified by the Iktiish form associa¬ 
te^ still to some extern preserved on the convex curves of the mountain 
tops*". 

The younger school of morphologists believes that monadu ticks of 
resistant rock can lie recognised here all over rhe area. 

The surrounding peneplanc is generally ascribed to the Cretaceous 
age H In any cast it originated in pre-Neocomian times. It extended uni* 
family over the Appalachians; and their crests are at this level where 
fragments of the actual pcneplane arc not still preserved. The Cumber¬ 
land plateau and die high-level platform of New England are considered 
u* belong to it sl A A second central mountain hmd, analogous to that of 
North Carolina, project* above it in New 1 Hampshire, Its continuation is 
found in the under surface of the Transgressing Lower Cretaceous beds 
of Continental facie* (Potomac, Upper Jurassic to Neacumum), the out¬ 
crop of which sjiirnmnds the Appalachians as an arc on the east and south 
in the Atlantic era# region. This under surface is nut even, but has the 
undulating relief characteristic of a peneptone, Between its appearance 
at the surface and the continuation on ihe mountain tups. there is a gap 
which lh occupied by the ‘piedmont plateau', a third, yet lower, penr- 
plane level. It is the orgmul type of piedmont flat. Reaching a Wav over 
the upper ed^e* uf the Grfetfltadui transgression (Ncocomian to Scnn- 
tiinn), it goes inland over the crystalline moss uf the eastern Appalachian 
foreland and the blocks of con tine utalTrisw ki down into it; itapproaches 
the mountain*, which ri*e above it in a pfmsnimced scarp,, and continues 
into them Ln the form uf unde valley Hoor>, The scarp between ihe two 
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pciic planes is developed in, a particularly impressive manner in the 
southern Appalachians. Well preserved, extensive relics of the Creta¬ 
ceous (more accurately pre-Neocomonian) pencplnrie-thc Itjuc Moun¬ 
tain plateau end in a sharply convex break of gradient above the high 
scarp with its concave curvature, from which Jung interval ley spurs, 
crowned by insdbejp, gradually sink down towards the lower 'piedmont 
plateau'"*. Rarely arc the diameters of u piedmont benehland sc am 
more dearly noticeable than herd 

Up till noiv, the pent-planes at these various levels, and throughout 
their whole extent, have been considered as end-pencplsues, as (Djvi- 
sion] peneplains; but only very vague notions prevail as to their origin, 
since attention was never directed to the core of the problem, the de¬ 
velopment wf slopes. Nor has investigation of l!w Appalachian jtenc- 
planes ever gone beyond the statement of hypotheses about the mode of 
origin of penepknes in general: uplift of an area, and subsequent denuda- 
tinn which achieves its ultimate aim, ptncpLmaliun, on 4 block which is 
considered to be <tt rat. Under such circumstances, the MqsJike repetition 
01 penepknes presented insuperable difficulties of interpretation, and n 
remained a complete enigma. Ju his explanation Cl. Lcbling {toe. (it.) 
assumed tfwat the scarp between piedmont plateau and 'C retaceous' penc- 
planc was 4 receding fault acarpj tltuj he maintains that both levels arc 
tine and the >jihc peneplane which have come to be at different altitude* 
on account of lire throw of l he Fault. Not only can this working hypo¬ 
thesis be dispensed with, but it in no nay accords with the geological 
facts. 

To liegiu with, the fault in question iuu not been established. No 
throw cuts across the Cretaceous-Tertian strata which limp round the 
southern end of the mountains transversely to tJjt Appalachian strike. 
1 he strike faults in the piedmont plateau appear throughout to be of 
pie-Neocntnion age. Hence !.eh ling assumes further that the fault peters 
mu southwards, However, the lobed scarp docs tint end in the direction 
mentioned, hut border? the Appalachians along the whole of the eastern 
and sou them *kpcs. Its highest part is at the Luittidc of the central moun- 
lainland of North Carolina and becomes lower 10 the north and to the 
south. Hence no other conclusion can be drawn bin that the condition* 
which led to the creation of a particularly high central mournamlond 
continued to operate in the same area and permitted the development 
of a spec idly great difference in level between the two lower pcncplanes. 
Apparently this has been continuing right into the most recent period, 
since in Ibis same area the Appalachian rivers were again able to lUL'ise 
particularly deep V-shapcd valleys in the piedmont pliucan Vt the lati¬ 
tude of the central mountainUnd the different,*-' m altitude between 
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ait the denudation levels appears to be greater than farther to the north 
or to the smith. 

Finally W. M. Davis, dealing with New Jersey* published hi* ojh- 
durive research nn the relationship of the piedtnunt plateau to the 
•Cretaceous 1 pene plane. There the gently undulating lower surface of 
the Cretaceous passes over the crystalline material, with the Tria&sie 
blocks downfall I ted into it and the l>eds of diabase trap intercalated in 
ihe Trias, Inland, these same diabase layers rise up as lines of heights 
above the piedmont flat, which is capped by the tippertncast beds of the 
Cretaceous, gain in height north and north-westwards, and read; the 
level of tbuse pairs of the 'Cretaceous 1 pencplane which are still pre¬ 
served there* 5 *, Thus they pby the part of inselbergs which lie in front 
uf the margin of the higher pecu: plane level, stand up above the lower 
and (as has been shown) younger piedmont level, and make k possible 
lo establish here and there that the higher surface plunges beneath ihe 
Cretaceous transgression. 

The geological age of the piedmont plateau is given as Tertiary. It 
was probably formed in the early Tertiary, during the plia&c of retro¬ 
gression between the marine transgressions uf the Senoniait and the 
Miocene 311 . Here is repeated the phenomenon which has been treated in 
more detail for the slope of the Erzgebirge; the area of continuous denu¬ 
dation (the Appalachians) is Separated from one of continuous deposi¬ 
tion, in the Atlantic Ocean, by a 2une of oscillation — of transgressions 
and retrogressions; for in the Cretaceous^ 1 FenUry scries, which was bid 
over the edge of the present eojiihicm, not only did the fades change 
from comiliental to marine and back again, but there arc gaps, uncun- 
formihes due to erosion^ which, as one goes inland, comprise ever longer 
interval* of time. Conditions of bedding make it clear that here, too, the 
processes concerned arc fundamentally connected, not with the region 
uf uplift, but with the properties of the adjoining area of subsidence. The 
sLrato dip seaward* and the gradient is greater, the older they arc. By 
way of contrast, there is the upwarping of the ^Cretaceous* peiicplanc 1 ^. 
Tht dtreriifoi of mot r merit dots not alter, either in tht area of uplift amt 
denudation, or in that of suhddcme and deposition; but (hr latter urea in- 
crttnes artd dimniskts m she during the period* of time considered. This 
hold.* true right up eo the present time, during which the peripheral 
jwti of the piedmont plateau, till then undergoing dissection, have sub¬ 
sided together with the sharply Y-shaped erosional furrow* (e.g, Hudson 
sub marine channel), far below sea level. 

Olwerv.ition* ort Scandinavia are also available: and these indicate 
that, just a* in the Appalachians, the present actively progressing di&- 
mxiion bah affected a system of peneptanes. at ranged in steps one above 
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another. grouped round a central mountainiam! in the south of Norway, 
According lo Reusdi, the ancient upper surface at the summit of the 
Scandinavian Shield b called palade^ and is to he considered a relic of 
the Caledonian Mountains 131 . Ahlmann was able to distinguish on this 
surface a central mmimainland and li peripheral peneptane. k cannot have 
been till btc Tertiary times that this pabeic area was pushed up T and 
exposed to dissection by valleys which started E'rom a lower ponejilanc 
level, the + strandflat\ This surface, considered bv II, Reuse!*, J. II. L. 
Vogt, B. Richter, V Nansen and others to be a formation due to marine 
abrasion, by A. G, Ilogbom to be 3 [DavitUan] peneplain merely modi¬ 
fied and farther levelled by bears in&dhergs which become in¬ 
creasingly important northward* and sometime* have abruptly rising 
flanks (Lofoten). It k thus, in fact, extraordinarily like a piedmont flat, 
and in \\$ turn has been sharply cut into by erosion furrows dating from 
pre-glacial tixne^K There is much here which still needs to be eluci¬ 
dated The absence of correlated* strata means that not only is the dating 
of individual form associations at present absolutely uncertain, but k 
also a hindrance to any sure judgment on their type and connections. 
However. Ahlotann's investigations lead one to expect Hint the pro 
glacial Kind forms of Scandinavia will turn nut to be j piedmont stairway 
of asy metrical shape and of widely extending dimensions. 

As far as one can judge from the observations available, and 35 far as 
the literature on the subject gives any infarmation p piedmont bench lands 
0/ tl ir kind dtsmhtd Have been found mj far only outside the mountain 
belts. However! knowledge of the actual land form* of the earth is still 
too slight for us to see any more in this than the expression of our present 
state of knowledge; yet it may he more than a mere impression that these 
pkdinnm stairways are typical of the regions of uplift outside the /ones 
of instability. Support is lent to this view by comparing the features 
known ((a occur in the denudational areas of Hie mountain bells; Rut 
here again knowledge is at present restricted tn the main outlines, since 
it is only in a few- scattered spots that studies have been made in anv 
considerable detail. 
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PencpUncs have been found in the mountain hells m ltcji aumbeti 
and 111 various combinations with other form associations-^*. rliev have 
here exeiTed particular attention; nil the same, until recently they stub¬ 
bornly resisted any attempt to provide a satisfactory explanation. The 
reason for tbit is easily seem so lung us the theoretically deduced modt of 
origin for end-peneplains or (Davishm] peneplain** wm aserilwd to all 
[* be. correlated with I he dcrtuihuion by eonmining ilm debus,] 
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pftiepfatics without distinction* the occurrence of *tich U< 4 nish form 
associations in the zams of instability had Ini remain a complete enigma, 
l or, as far as miir knowledge of them goes, these belts have not the funda¬ 
mental prercquUite for the development of end-pent planes: ^tectonic 
rest', he. long persisting absence of movement in the earth’s crust. Thus* 
explanations about them arc very diverse and have to make extensive use 
of various working hypotheses, which are sometimes found to be in 
striking contrast to morphological facts and even more to geological ones. 
We must come back to this. At present the primary consideration is a 
description of the actual featured In view of the great gaps in Our know¬ 
ledge of the configuration of important parts of the mountain belts, any 
attempt at this might appear hopeless, Ihu numerous isolated nbserva- 
tiom, spread over most diversified BO tie* of the mountain belt*, focussed 
nt several place* into more detailed investigation, already rnake it pos¬ 
sible to recognise with perfect clearness that not only are definite tv pcs 
of form association* constantly recurring, but that rhetr combination in a 
definite nsamter is obviously typical of vast areas. We will limit ourselves 
to characterising those types of relief* 

(tf) Tfti Alps 

This is difficult in mountain ranges like the Alps, w here the set of land 
forms has been transformed by Pleistocene glaciation; for. though the 
extent of the remodelling b not known accurately, it m\m in any ease 
have been considerable. Moreover, it bus masked Ehe connection be- 
iween the pre-glacial form jLSrtOtittjoM and their correlated deposits. 
Fsinhemnre P although it h possible to observe these beds in the fore¬ 
land and even us far as the miter parts of the- mountains themselves, yet 
even for such a relatively recent part of the history of the development of 
land forma in the Alps, the relation* have been imerrupted by the con¬ 
tinuance of folding into the early Tertiary, the strata of the foreland 
being also involved. This advance outward of die crustal movement ha* 
added new peripheral zones to the mountain area. According to Alb* 
Heim* 6 ", ihesc /ones arc characterised in Switzerland by a certain oam> 
SfKindtnec between the surface form and the structure (anticlinal crests 
syucUful valleys) in contrast to the inner pan*ofihemfluntauumsregion. 
Similar features .ire to be observed in the soul hem limestone bekof the 
liastem Alps The south Alpine rivers, east of the Adige, traverse the 
more recently added ptiniunc in deeply scored antecedent valleys and 
gorges. From the*c their ri^e sleep slopes w hich :tre convex upwards and 
pass, into intermediate or even tfuttbh relief forms un the summits of 
those: chains which have not been much broken up into individual peaks, 
Such well-marked forms of w axing develop mem arc ml tin known in the 
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interior of the Alps, in spite of these parts tiring far mure completely 
broken down into peaks Mid ridge crests They art- here LLrrang*-d longi¬ 
tudinally.. following the trend of the mountain chains, and the absolute 
attitude of the intcrvailey divides remains considerably less than that of 
the sharp ridges and peaks belonging to the belts of higher mountains at 
each side, in contrast to these biter, which may be called ridge zones, 
the farmer appear as depressions. They are foil owed by the great kmgi- 
tudinnl valleys of the Alp&r such as the Rosanna, Inti, Satoeh, Enns, 
Putter, Save, Rhone, etc. valleys* w . Newly discovered relationship* of 
the gbeLii deposits lying within these longitudinal valley tracks in the 
Eastern Alp® make it probable that, in relation to the high zone* border¬ 
ing them, they arc strips nf crustal subsidence (left behind [in the general 
movement]}. For some of them, this character luis been traced back* 4 * a® 
tar as the Lower Pliocene (GaiLDrau valley), Middle Miocene iMur- 
Mure) and Oligoccne (Save, Enw [?]•), and in ilie majority of cases 
probably reaches far back into the Ternary, 

Ilcre the characters of the pre-glacial land farms glimmer Through a 
veil of glacial remodelling, *0 that there is no longer full scope fur views 
as to their nature. What lias already been established above shows that, 
befure die Pleistocene glaciation, the Alps were not characterised merely 
by steep relief or by intermediate forms over their whole extenthot 
that, as toduv t there were acme* arranged parallel to the strike of tltc 
mountains where steep slopes, leading op from tial voile ) 1 bottoms to 
high ridges (steep relief) alternated with 01 hers in which convex slapo. 
arched strongly upwards, met in interval!ty divides with a Lower average 
height. This latter type U met with at the outskirts of The mountains and, 
w ithin them, along the longitudinal valley furrows. 

However, the profiles of the steep slope® in the above-mentioned ndge 
zones arc not everywhere of the straight-line type, cmd this can be 
specially well seen on the projecting spurs. This is true even above the 
Uppermost Limit of glacial rounding, a limit which can be recognised 
with critiiinty from specific features (striatkma, erratics, etc,). There, 
too* convexity of profile la very often quite characteristic Into those 
can vex profiles the form* of the glacial period have been nut died aa can- 
cave sections of the profile. They arc subordinate to the funner, creating 
discontinuities nr breaks in them, but not oUitemting them, and tin m 
prove That they art development imprinted later upon the landscape. In 
the region of the cirque®, it is these which make the discontinuities; 
along the valley track®, it b the sharp V-stnpcd valleys above the 
shoulders of the glacial troughs. The case is similar in the main valleys; 
inn 1 lie breaks are far less distinct, and relics of the prcSglncm] valley 
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tloure havi- been recognised in them here and there. On the other hand, 
sometimes it is merely 4 matter ot fragments of slope and convex breaks 
of gradient which form component parts of the general convexity of 
profile. Projections and re-entrants which are structurally conditioned 
are not being considered here. That location [on the general convexity] 
and the fact that, even after allowing fur the deepening due to glacial 
action, they are often at a really great height above the bottom of the 
valiuy, permits one to recognise, in these interruptions and breaks of 
gradient, features that are not only pre-Pleistocene creations, but un¬ 
doubtedly of very ancient origin™. Perhaps there is an inner [: genetic] 
relationship with the 'iVW [steps on the interval ley spurs] which J 
Soldi lias:-.!tidied in the Eastern Alps** 1 . 

7 "Af firt^glidel land/(stint of the Alps hear the imprint of tvaxing develop- 
meat, which has been •overprinted 1 , but not completely obliterated, by 
gbciat remodelling. The forerunners of the strep slopes—the association 
of which U the essential factor determining the nature of Alpine relief 
(steep relief)—were slopes of slighter inclination. They have been pre¬ 
served towards the tops of the interval ley divides in the zone# of the 
longitudinal valleys as well as in the zones of the higher ridges, although 
to n very- different extent in the two. Observation of the form of the dope 
confirms the con elusion winch, I hare already stressed ahove, follows 
from the facies of the Tertiary strata of the foreland, from the Stamp inn 
to the Sanmtian stage; the grain increase?, in coarscm-Si from below up¬ 
wards; and the conglomerate faek-v, which indicates proximity to the 
mountain border, generally extends further north-westwards into the 
foreland in l lie higher horizons than it dots in the lower divisions 
( furthest in the Vindobonian). This proves that on the whole there was a 
general increase of the Gradients in the Alpine region during the Oiigo- 
cene and Miocene, and therefore an increase in their altitudinal mud el- 
ting***. The mountains have been increasing in height from the earlier 
Ternary periods to the time of the Pleistocene glaciation, and the in- 
din at ions of (he longitudinal profiles and flanks of their valleys have 
been becoming steeper. This last condition accounts fur the narrowing 
of the valley cross-sections downstream, the lessening of the distance be¬ 
tween the upper edges of the valley*, which we were also able to establish 
In the same way Tor the valleys of the German Highlands In the Alps 
tlik is seen moat dearly w herever glacial retnuddfing has not completely 
removed the coiiVeA profilrs 1 * 1 . 

It must be Stressed tliar the difference in the form of the slopes and in 
the altitude of the mlcrv.itley ridge*, as found in the zones of the longi¬ 
tudinal valleys and the ridge /ones, has riot the slightest connection with 
the character of the rmk. The same Uaupidobnut and Wcitcratdnkalk 
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which compose the high, sliarp-edgeri ridges and pyramidal peaks ut the 
LcchtaJ Alps and east «f it, form rounded bosses (‘Rtauilistgf') along the 
furrow of the Inn valley, These Imsses are preserved in many places, and 
are characterised by a lower altitude, similar, however, amongst ihem- 
selves. The various crystalline rocks of the Silvrettn and OtiUd iiapfKW 
outcrop south of that longitudinal valley zone to form the steep flanks of 
soaring knife-edged crests: but within it they give rise to rounded ridges 
with flatlUh summits keeping to about the same level as the previously 
mentioned ridges of Triassic limestone and dolomite, etc, I hts arrange- 
meat is the more conspicuous because elsewhere in the Alps the adapta¬ 
tion of individual forms to rock material is extremely close, as is to be 
expected in regions of great denudational intensity (steep relief)- That 
adaptation is most clearly expressed in the arrangement of the final 
branchings of the valleys and of the furrows working up the slopes. I !usr 
follow zones of less resistant rock* ami make them apparent by the 
Course of each section of the valley, by the gradient of the individual 
slopes, and by the relative height of the individual inter valley spurn, but 
not frv the shape of the slopes. Within a zone of ridges the rather gentler 
slopes, which meet in lower ridges, art associated with mobile types of 
rock (o.g. the Liassic Tledtcnmcrgel) as contrasted with the adjacent 
more resistant limestone or dolomite (see l'iale IX. illustration i}, fim 
they are sharp-edged, and not rounded ridges with convex profiles. It is 
not, therefore, difference in riKtk resistance which leads to the develop¬ 
ment of the two different types of form that -ire to be met with in the 
ridge zones and longitudinal valley zones of the Alps, 

A further feature that is independent of glacial remodelling is the uni¬ 
formity of the summit levels. This proves t» be independent noi only of 
the folded structure but also, within wide limits, of the nature of tile 
rwk. A* Penck has termed this the gipfeljlur and ha* shown That, m far a* 
it is a matter of Alpine conditions, it cannot well be the heritage rtf an 
hypothetical penepl&ne which once stretched over the Alps and out of 
which the present relief might be supposed to have been sculptured 
Idler***. On the contrary, the gipfdilur shows a notable connection with 
the distribution of slope form. If one thinks of it as a surface which is 
tangential to the peaks and to the summits of the interv allev divides, that 
surface docs not form j simple arch, including the whole mountain sys¬ 
tem from north to south; but it has in cm ^-section the form of an arch 
with undulating curves or one compounded of undulations. In the region 
of each ridge stone, it swings up as a wave cresl, and it sinks like a wave 
trough along each scone of longitudinal valleys. The dmmMrpmg if the 
gipfeiflur coincides with those strips of the mountain system in tehtrh very 
flat slope units are still to some extent preserver! on the tops of the iulermUty 
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Jii idn, the sr bring the rtry ancient faurutmen of the steep valley flanks; 
the Upward suing* „j the gipftlflur coincide with equally floated and 
rtrtmw portions where nothing em note he u#i of such former Hatthh pre¬ 
cursors of the steep slopes. But that these wt re here also, though at a much 
irreawr height above sea level ihan within the stone of longitudinal 
valleys, js proved beyond question bj the convexity which can still be 
established for the profiles of the slopes. 

The Alpine gipfcHhir shows gentle curvature up and down, not only 
m cross-section I™ fn its longitudinal section as irolL This is directly 
visible to an observer turning his gaze to the distant mountains from 
rttimtvvherf in 1 lie Black Forest or on the southern slope of the Swabian 
, 1 I here the gradual upswinging of the gipfefflur appear dearly 
?" w f 1 f* "lasaifs and groups of peaks bounded by lints of 

timgiludmn! and tunsveae valleys. Very often the names ™-cn stress 
the tact that the*: groups are units (Bernese Alps, Titlis-Dammastock. 

I udi group, Sdvretta group. Bernina group, Ortler group, Otztal Alps, 
etc.). In between, the gipfdflur sinks down, and most of the great trans- 
v- ersc valleys, and the low gaps forming passes, arc sunk j n these areas of 
depress ton -Wither v C n conspicuous feature is dearly connected with 
the arrangement of tile gipfdflur: strict as may seem the adaptation of 
individual forms to rock materials, the course of the main Alpine talJrv: is 
on the Me independent of the structure of the folds md nappe r, and "it is 
from ihirse valleys that the complete disintegration of the whole moun¬ 
tain system into the well-known sea of peaks has taken its start. Alb. 
Heim sees in this an inheritance (epigenesis) derived from the ‘oldest, 
Mrst tectonic lines on the upper surface of the rising mountain mass’ He 
assumes that the course of the principal valley* was, in the main, deter¬ 
mined by the earliest processes of folding an,1 nappe formation- and that 
this course was maintained right through the Insuhrian phase of the 
folding, m u mountain system which might be considered as completed 
by that time. A subordinate par. in directing the waterways Z ako 
assigned to later datums, again considering on!, those phenomena 
******* with the folding of strata and the formats,™ of bMipes»‘ This 
TVS'™ I* baBcd ° n ‘ hc as « ro V*WW"« hich has vet to lie proved— 

h [ h i t '!f S,niU f d "*<* f ? rmation P^'«c . surface gradient 
1 huh allows water to flow a „d erode and thus directs its work. So far all 

ire indt^nim f S' iS SSf * * lhe P rfnc 'P al '*»*!* 

i uenee nf A, ‘"'rT *"*»*• °* ^ othtf hand, a cor,Sc- 

£"* " thc : ecem establishmeni of this fact h« been to draw a Ken- 

Z"tZr:7 d T : * ** incised in thrsUpres- 

"* mhv run tran^sely to the mountain j n JSition, t L* are 
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iiatiMffw valleys 1 which lit antecedent in their nature, ispccinlh in the 
marginal zones of the mountain region (ret- p. 22R): and ihitse Inf which 
it is impossible to decide whether antecedence or backward working 
erosion has determined their course- i Ite problems which crop up here 
involve questions of erosion and of the associated development of slopes. 
This is obvious as regards the origin of the gipfclflur, which is nothing 
but the result of complete dissection by Valleys, and the arrangement of 
their main lines. It applies also to the up and down undulation of the 
gipfclflur, which cannot well be the result of later warping, since its 
risings and fallings-- following some definite law and independent of the 
nature of the rock material— are associated with the occurrence and 
preservation of different form types. These latter indicate that the causes 
of erosion were and are different in the /ones of depression from those 
where the gipfclflur rises. 

In the north, in the foreland, a pencpUne adjoins the Alpine system of 
pre-glacial form-associations. Of posi-Sarmatian origin^ il also cuts 
across the bleogcne strata of the foreland, anti forms ihc slightly uneven 
surface, with only gentle slopes, which underlies the early Pleistocene 
out wash snivels (first Ice Age), 'Ihc relation of tire petref'lane to the 
mountains is similar to that of a piedmont flat to its associated f noun tain- 
land. However, without further information, it is not possible to draw a 
parallel between the p re-glacial pcneplune of the Alpmc Foreland and a 
piedmont flat such as has been considered in earlier sections, An essen¬ 
tial characteristic of the latter wan its dose connection with the land 
rising up above it: both are superficial portions of one and Lite same zone 
of uplift, both belong to a crustal segment which is an cndogenetic unit. 
This is not true for the pre-Pleistocene peneplane of the Alpine Fore* 
Lind, h extends over a part of the crust which has alw ays been umved tn 
a different way from the neighbouring Alps. I mil ihc 1 pper Miocene 
period, it was sinking relatively, and was an area of deposition fur the 
material removed from die mountains which were simultaneously rising, 
liven at the present day, it still behaves tit a fundamentally different 
manner from the Alps, as is shown here and there by the different charac¬ 
ter of the crnsional incisions. The Alps and their foreland are, ns regards 
their eTutogcnclic type, two different portions of the earth & crust, and so 
the pencplane in question is not of the usual piedmont type. 

Piedmont flats are, nevertheless, by HO means altogether absent from 
the Alpine region itself. Their existence hiu? been established in the east¬ 
ern pan which, in contrast to the west, is characterised throughout by 
more extensive prefterrstion—on the watersheds between the deeply- 
sunk valleys — of older form associalimH In part, this is obviously due to 
a different course of cndogenetic development; the decreasing influence 
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of glaciation toward* the eastern edge (if the mountains certainly also 
flays a pin: lint flic occurrence nf massive- an J c;tensive Mesozoic lime- 
stnne deposits seems to be of outstanding significance. These, like per¬ 
meable limestone in general, tend to preserve the forms of denudation— 
other things being equal—and are less easily dissected into valleys. Thus, 
on the limestone plateaus of the northern and the southern Calcareous 
Alps, an den! form associations of the intermediate form type still occur, 
to some extent, over wide areas. They are not pencplanc*. hut moun¬ 
tainous country, which possesses throughout the concave slope profile of 
waning development and lias its limits fixed bj sharp breaks of slope at 
the steep declivities of the deep valleys that reach up into it 1 " 1 . 

In the north, the series of limestone plateaus extends from the Inn tn 
where the mountains descend to the Vienna Basin. 'I'he ancient [ami 
forms on their summit* arc everywhere nf the same type. The general 
gradient, directed northwards towards the foreland, is unmistakable; and 
in this direction the differences in altitude lessen so that medium relief 
approximates to flattish relief, to st peneplane. Furthermore, along the 
valley ways of most of the limestone plateaus, there are found pebbles of 
central Alpine origin, which show that watercourses flowing to wart Is 
the Foreland crossed the zone of the nappes of tile Calcareous Alps and 
helped to form he valleys within the plateau areas”". Because of these 
uniform features the view is held that form associations an the heights of 
the various limestone plateaus arc parts of a single uniform region of 
similar origin everywhere, both as regards type and age. and were form¬ 
erly at one iiml the same original level. Their present very varied altitude 
ih to be traced in part to later additional dislocation 1 **. Thin is, how¬ 
ever, true only for individual rases. G, G Stringer, who has made itic 
most detailed study of the plateau surfaces m the northern Calcareous 
Alps, stresses the remarkable independence of their set of land forms not 
only with respect to fold and nappe structure but also to later faulting* **. 

In addition, n has only rarely been possible to find, between adjoining 
plateau surfaces at different levels, faults nr flexures in the stratification 
to which the variations in altitude could be traced. On the other hand. 
F. F. Hahn established for the Ssalaeh region (Salzburg Calcareous 
Alps) two different levels, independent of one another, at which the 
bluest! ! t plateau lands were to be found. These plateaus exhibit a eon- 
ridcrahtc degree of mountain relief, the w ide valley floors of which have 
h«n partly preened ns pbnatcd surfaces, in a southerly group of lime- 
"•"» plate in is f Kaisergebirge su» far is Tcnnengcbirge and Obcignsscnt 
Aim), lltese show a general tvm M.nthwards from 1500-1750 metres or 
more (on the Untcreberg near Salzburg) to about 2600- 2800 metres (on 
the f 1 *ergnsscne Atm). ‘The summits of the peaks (nf moderate height) 
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behave in a similar wav. In the northern group, however, Hie ptmialecl 
surface* are about 1500 metres, the heights, of the summits fairly regu¬ 
larly round about 1700 metre?. That is the lower level. In two places it 
reaches as an cnibaymcnt far southwards into the zone of the higher 
limestone plateaus (L.auciigcbirgc, Kircbbcrg-Kafksteiri \ anti so is inter¬ 
locked with the higher level, just like two penepJsncs of a piedmont stair¬ 
way and not as if depressed by fault or fbxure. Apart from ill esc two 
cod'ay men is. the two K-veJi are specially quit* distant from one another 
and an? separated by a lov.-lying belt in which nowadays the Suluch is 
incised. It b of just the '.mu- type ;l? the previously mentioned ’longi¬ 
tudinal valley aone?’; hut it lias u north-eastward trend jnd ha* a pro¬ 
nounced gradient which is [■> he recognised by tbc remnants of plan and 
surfaces preserv ed on the inters alley divides (from 1 >00 metre* in the 
south-west to about 1000 metres in the jiOfthi«eii$t) a ' 1 *, 

Hie depression is not a fault dislocation nor a (Jotvti-faulted trough, 
by which fragments of older farm associations might have subsided with 
respect to the plateau zone rising up above it on both sides; but its origin 
is as undent as these themselves. It was already in existence before the 
dose of early Tertiary times, as fallows from the down-faulting of the 
brow of the Hcrchiesgadcn nappe which occurred a! that time and 
which coincides with the line of the SaaLicL It also pro', c - to be a strip 
which was being left behind (sinking relatively), with respect to which 
the northward bounding plateau *Ort* (the lower of the two plateau 
levels) moved upwards. This prraet* had been recorded in the position 
of beds of the Cam ran horizon. From Us position, its arrangement and 
its characteristics, die Sanluch depression can be compared only with a 
downvrarped strip of the gipfdflur. The plateau zones on either side, 
however, fall into the class of ridge zones of the high arched gipfdfliir 
previously discussed It thus seems all the more probable that on the 
high limestone plateaus there formerly existed, and have been preserved 
to a considerable extent, the less inclined slope units which roust once 
have been sUo present elsewhere in the zones of ridges, but have by 
now I teen replaced by their stccjicr successors, 

Should confirmotion be found elsewhere for the relationships here 
indicated, then the plateau regions must l>e given a status of greater in¬ 
dependence than hitherto. They arc not to he considered a> relics of 3 
relief which extended uniformly over the slope* of the mountain system, 
as a single unit from the northern margin of tile Alps right up to their 
crest. Rather, they appear to be fragments of*set <>f land farms peculiar 
to the individual wavc-Iike or range-tike Upswinging* of the mountain 
system, which are arranged, on the whole, parallel to its strike. 

This would nut necessarily imply a different age far the plateau lands. 
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There :tre a however, some indications of difference in age, notably be- 
tween the plateau flats of the Fore Alps and those of the High Alps, An 
early Miocene or pre-Miocene age has been ascribed to both, since in 
the Vienna ILisiii shore lines of the Punlic Sea have been cut into the 
steep faces of such limestone plateaus, implying that at that time the 
plateau lands were already dissected by deep valleys incision.*, and were 
separated by steeper slope units from what was then their base level of 
erosion. A further proofof age b that the sea level of the second Mediter- 
rannean anti of ihr Snrtnaiiati Seas apparently lay ai a lower level than 
that of the Pontiun Sea, l’mm this it is concluded that in Middle and 
I T pper Miocene time# the plateau surfaces at first by quite hiuh above 
The base level of erosion ant! cannot have been first formed at that period. 
They had already undergone dissection t a process which must have begun 
in the Lower Miocene at latest*?Thus a first approximation would 
give a pre-Miocene, presumably Qligocene. age for the origin of the 
plateau country in the High Calcareous Alps 171 , However* some of the 
plateau regions of the Fore Alps, similar except for lying at a lower level, 
may be younger. Thus K. Krebs draws attention to thick gravels which 
in the llausruck (north of the Calcareous Alps in Cppcr Austria) overlie 
the upper freshwater Molaase Lwds p and to the fact shat the level at 
which they were deposited rises rapidly southwards, and $c*;rn& to con¬ 
tinue into the plateau surfaces of the Alone of the Fore Alps* 17 . This 
would make those surfaces of approximately Pontic age, so that they 
might be considered fragments belonging 10 a more recent addition 
to the main mountain moss. Something simitar may pf>ssibly he inse 
for the Saabch district, where the tower* peripherally lying plateau level 
is without doubt inure recent than the higher one of the High Calcareous 
Alps. The present state of knowledge does not allow ua to carry tint con¬ 
jectures further* 

In the southern Calcareous Alp similar limes tune plateau* appear 
with relic* of ancient landscapes preserved on Their summits. The plat¬ 
eaus of the Dolomites (Heilig Krcu*, Tofana, Sella, Pab, etc.) and of 
(heir eastern continuation m far a* the Julian Alp*, are more or less com¬ 
parable in the zones of the High Alps in the north, and they occupy a 
higher portion. On tin: marginal chain & south of the Yal Sitgana- 
Bdlune^ lines* the plateaus are lower and correspond to a zone of Fare 
Alps, There is no connection between ihe two groups. Indeed they are 
separated from nne another by the trough region of the Val Sugana and 
thf Eciliincse basin, synclinal areas, complex m ilieir detailed structure, 
ami the western one, at least, already evident in the Lower Mbcenc 
(marine Lower Miocene, fmm Btrco to Pievc Tesinoh both have re¬ 
mained as longitudinal valley zones of relative subsidence (left behind in 
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the mining); (Hid they separate, aa more youthful additions, the marginal 
chains (FoJgark—Sene Ojmmuni—Venetian Alps, approximately as far 
a* the Cdlina)ftcm the main trunk. Thus Lhe hilly landscape of their sum¬ 
mit regions appears to la? an independent development belonging to the 
trips of individual mountain chains, analogous to the ancient landscapes 
which we shall meet with on the summits of many broad folds, and not 
merely lower levels which dovetail into the higher one of the Dolomite 
plateau, t hose associations ofdojft units, fiattish or of medium gradient, 
found on the summits of the marginal chains, are the forerunners ol the 
steep slopes which work upwards into their flanks and imm the ante¬ 
cedent transverse valleys. The origin b ‘if «rly Miocene date, if not 
older (first appearance of marginal chains), "lhe further development 
into a lively-looking hummocky hill-country, its present character, may 
fall within’ the Miocene period; the separation from its> ha* level of 
crosi-m, bv the upward growth of sleep slopes, within the 1 lioccne . 

The plateau surfaces of I he Dolomites have not yet been investigated. 
Like the northern High Alpine rone they are mountainous country with 
wide valleys, framed by concavdy rising Hanks which, towards the upper 
part, often curve again into convex bosses and lug her plateau fragments. 
This similarity of character points to * similarity m the development nt 
the plateau country of the northern .mil southern Lalcareous Alps, but 
H no «V to dmuttaneity * 0 *r dement. So far no ev,drnce what¬ 
ever » known for the geological age of the developmental intervals seen 
in the forms of the plateau surfaces, i.e. the period of waxing develop¬ 
ment and the subsequent one of waning development, on to the separa¬ 
tion of summit regions from their base level* uf M-.fi (» tar as the 
commencements of the two bat-named processes do not cmnc.de). 


(/q liMTEHN Slope op tw Alps and its 

llOLNDAHY At# A INST Till KAHST 

More j 8 kflmvn of the connecting link between the Julian Alps and 
the Karst, along which the Panm.nia.i-Adriatic watershed lias am since 
Boone times. The iiigh Julian Alps, south of lhe ^nc of the longi¬ 
tudinal valley of the Save, end eastwards in the impressive mountain 
fragment which surrounds the Woehein [Bohin|] m im arcuate form on 
the west and south, from Trigbv to Km it has the character of a plateau 
and bears considerable relics of anrieiit mountainous country ( I nglav- 
Km) These have a vp.itc recognisable general slope towards the south 
and south-east, from over 2*00 metres (with |w%iks rising over &Hao 
metres: Tfiglsv) to slightly over 1B00 metres, in.! they break off precipit¬ 
ously on all sides towards deeply sunk valleys. Between the headward* 
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working tributaries of the Wocheiner Save [flohlnjsk* Suva], liar a, 
SeLrachul [SdSkft Dol] anti PolLindtfil [P'oljwtki Dolj, tile plateau 
surfaces have already been removed, and .ire only just indicated by 
mount;*in ranges of corresponding height (the mountain chains of 
Hr adka-Sdi w arze jiberg [Rodtea-Paaja Ravi and Roreen-Rlegasl 
(Polja n c-Blegar J ,r *. 

This is the highest level bo far discriminated. It rises above 3 second 
lower level which has the character of a peneplanc, l itis is continued as 
a piedmont flat into the valley floors of the higher level, and shows a 
general slope eastward, on the average from 1500 to 1300 meins, This 
lower, slightly hummocky surface belongs entirely to the Save region. It 
extends over the heights around the Wochciner Set (Bohinjako Jcsaro], 
so filling up the concave part of the previously mentioned festoon of die 
High Julian Alps, and continues as the Pokljuka and Jclovka plateaus 31 *. 
A third level is formed by broad areas of planatjon widening out to 
plateau surfaces, which arc sunk like valleys into the second level and 
end atiove the fine of the have hi &n altitude of about tooo metres. They 
arc followed by the present deeply incised valleys of the Hotwein 
[Radorna Sava] and Wocheitter Save f Rohinjska Sava]. 

Sufficient observations have not yet been made for the dating of these 
thrw elements geologically The following points have been established: 
the Wochdn [Bohinj] is a synclinal region in w high, as in the Save cm- 
hayment (longitudinal valley zone), marine Middle Oligocene hat I-ecu 
deposited on a sinking substratum, with lacustrine Upper Oligneenc 
Over it. The fades of these hcds :3( show canlir.. subsidence in con¬ 

trast to die surrounding parts of die area. These bear the plateau land¬ 
scapes of the first level. Hence its origin cannot be futcr than pre-Middlc 
Oligoccnc and perhaps goes bad. to Ed«ne. Its development, i.c. die 
wearing away by valleys (producing a hummocky landscape) may per¬ 
haps lx correlated with the Wochtiner Oligocene. The second level 
(Jclovka surface) h younger, since it apparently goes over Oljgocene of 
the Wochein which, in the meantime, had been again disturbed; ami it 
may he considered that the attain 10 be correlated with the formation of 
that piedmont flat ate to he sought in the Mediterranean beds (especially 
the I>iwer Miocene) of the Have embay ment. For the tlurd kvd it 
might he possible to arrive at an approximate determination of the age 
if there went confirmarinn of what is so for only probable, though prob¬ 
able in a high degree: that it is the continuation, an valley forms, into 
higher rising ground of the pcuepliiae which, is an exceptionally flat 
formation, extends over j great parr of the mountain area between 
Trieste and the Save. Tills surface directly adjnms the same of 

the Jul un T Iigh Alps (BiegaJ range) just as the surface of the second level 
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lldovka plateau) dugs (in their northern side. It is, however, rather 
3 evert I v dissected m the region 0/ the Piilhnd valley. Umli *tund in the 
relation of piedmont fiats to one and the same narrow fragment of the 
main watershed, but lie at very different heights at the edge of the two 
muitmainlands to which, they belong: the peneplane to the south of the 
Hildas range lias an altitude of about 1000 metre#, which is exactly that 
to be expected for the piedmont flat at the exits of the wide valley features 
of the third level mentioned above. It h worth noticing tlnit this pied* 
mont Hat is by no meads peculiar to the Adriatic mountain slopes, but 
extends overall the tectonic elements and rock types mm the Save it cion 
and even farther. It is the main peneplain* of the transitional region be¬ 
tween Alps and KarST. and, after the termination of the Julian High Alps 
in the HlegaS range, itself tarries the main Adriatic-Fwmo man watershed 

running south-eastwards. Thus it js must highly probable iluil the valleys 

of tlw third level, which F. Kossroat observed in the Save region, do nut 
in fact debauch on to it. We therefore consider the main pcncplutic to 1 * 
ils 1; third level r 

On the Adriatic -<idc it lias been dislocated by un level led fractures, 
parallel to the Dinaric strike, and broken up into narrow strips which are 
in general inclined north-westward* towards the Italian lowland. Hence 
the individual portion* dong the meridian of I (ttste have vety different 
latitudes. From the fact dual, as the threw- of the faults disappear south- 
eastwards, so do the steps between the peneplain: Fragments, I ■ Kussotul 
has been able 10 prove that it is not matter of various peticpLanc levels, 
but of dislocated parrs of one and die same surface. 

The main fragment is ihc I'ernovaner Wald [Selva di Tartuiva], Here 
the surface risen from an average ol jw metre- in the w esl to 900 metres 
in the east, and over 1000 metres in the norih-cast. It is warped into the 
sJwpe of a saddle, as is seen from the course of the transverse valley of 
Cepovan which hn now* become function less- ‘: aiid the down faulted 
blocks of the Vcitsbcrg plateau, in the north, and in the south the coastal 
Karat near Trieste—further broken up bv strike full I Is—correspond lo 
the troughs on the two side*. *1 he pewpbat with iff regular height Itoo— 
900 metres) and graded condition encroaches iin U* the liiimbauincr 
Wald [Selva di E*ire»] with its totally different structure, there extending 
over, amongst other features, the famous window <d < itafehbnitui (t re- 
taccous material over Evoeefic flysch, south of A dels berg [Po&tuniia]); 
and it can be followed, absolutely homogeneous, at a constant altitude 
over the wide area surrounding the Laibachcr Moot [Ljubljana Moor], 
fit the trough reginn of the Save district, characterised by the appea ranee 
of Oligocciie-Miocciic beds, F. Kotamat sees it* continuation in the 
extern!v* hill country \» the same moderate height, east of I .juhljanu as 
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fnr as the Sann [Sana] (wide elevations of goo-iooo metres). This 
aurally is penetrated bv synclines striking east-west, of Upper Oligo- 
cent and Mediterranean, above which lie Sarmatifln beds, ttie 'Save 
folds* sunk as narrow bands between wide anticlinal zones that are almost 
devoid of Tertiary material. Here a tumbled-looking denudation relief, 
obviously of complicated structure, extends over Palaeozoics and folded 
Trias. Taking that as a pen e plane and equating it to our third level. 
Rossrnat reaches a definite conclusion as to the age of that level: un the 
one hand the petit:plane goes over the steeply infolded .Sarmatian strata, 
oh the other hand these are overbin at various places bv Transgressing 
Cutigettd beds of Pont tan age. Y rom these facts he deduces a Ponlikn age 
for the fenepbnt- 17 '. 

However, the relations seem to be by no means so simple, [ : rom !■". 
Teller's survey- T ®. it follows (hat even by Middle Oligocene limes the 
marine beds extended not only over a folded basement, but over a relief 
which, in the longitudinal valley zone (Save region), may have been 
eroded almost to n pcneplanc. tltough in the region rising tiunh of this 
to the Steiner Alps [ICaminski Alpj] it was highly uneven, in fact niutm- 
tatiiouB 5 * 6 . This was still true in even greater measure for the lacustrine 
Upper Oltgoccnc transgression. Any future morphological analytical in¬ 
vestigation of the region must certainly take into accouru the possibility 
that relics of the Oltgoccne land surface* 11 may be preserved on the anti¬ 
dines of the Save folds and that they may have merely suffered undula- 
tory deformation, but not been destroyed, in the process of folding. The 
same is true for the Miocene transgression and the form association* 
covered in by it, 'Hie Miocene, commencing with a coarse transgres¬ 
sions! facies, extends over the older substratum and over the ■lr r - ?<l^ 
remnants of the Upper Oligocetic Sotzka strata. On the map (Cilli- 
katschaeh [Celjc-RzdrccJ sheet) these latter are confined to narrow 
synclinai zones into which later the whole conformable Miocene se¬ 
quence was also down folded (locally marine Aquitanhtn, usually marine 
Iajwcr Miocene iu Samiatian overstepping it). Two conclusions follow 
from this: (o) The undulatory deformation was already in progress before 
and during the uppermost Oligocune and the Lower Miocene. Along the 
line of Troughs, the biter overlap* the Upper Oligoccnv, which is pre¬ 
served there only, and it extends nver the anticlines from which the Upper 
(Higoccne had already been snipped, (6) The denudation surface at the 
base of the Miocene does not coincide with the upper mjrfecv of the pre- 
Uppcr OliSgocene times. On the anticlines it must somehow or other 
have been fftmJt into the latter, been towered into it (or replaced it); in 
the troughs it goes between (Aqijjtanian beds), Miocene beds and 
Sotzka beds, and *> here it lieanWr tire (Higocene surface. I lent* rem- 
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mints of Miocene btid-furru demerit!: are to be expected on the broad 
Anticlines also. 

For the time being, no more accurate information can be given as to 
their nature The following features may be pointed out. Away from the 
entrenched valleys, the anticlinal zone* of the Save folds show nothing in 
the wav of pcficplarie. instead there is a knobbly-looking upland of 
broad ilattish domes, the altitudes, of which, with all their individual 
differences, show u systematic drop in the direction (if the syncline* on 
each side and where the folds die out. They thus in 0 way reflect the 
anticlinal structure. It is probable that these Haiti sh slope units on 
the tops of the small convex domes will turn out 10 be fragments belong¬ 
ing to a single llatiish [almost completely dissected) surface, which is 
bent down towards the synclinal tracts. While the tops uf the domes on 
the summits of the anticlinal stones now lie between 900 anil 1000 
metres, and even reach 1200 metres, the lower surface of die marine 
Miocene beds in the same region, even where relatively little disturbed, 
C.g. north-west of Ratwhach, still does not reach to 750 metres (the 
maximum altitude so far ohitcrveil). It seems to follow from the whole 
arrangement that 111 the anticlinal regions the Miocene there found a 
relief already considerably dissected, and filled up the valley* before it 
flooded over the heights, One might almost perceive, in the above-men¬ 
tioned hummocky surface, relics of Oligoecne origin (in the form, for 
instance, of a ptiiepliine warped amiclinallv): and, in the buried valleys, 
remnants of the Lower Miocene relief to which the flatter form associa¬ 
tions of the anticlinal flanks and the amrttt of the tyntlimt (i.c, the pent- 
planc-like lower surface nf the Miocene) correspond. 

At any rate this much is now clear, in the region of the Save folds no 
owj form penepbftc L present, which could Iw considered as the direct 
continuation «f surfaces at a similar altitude, whether those in the north 
(Steiner Alps [Kaminski Alps}) or in the south (High Karst J. These Isitit 
are more likely tu be rising or uplifted pans of the mountain system, 
which are equivalent, not to the individual Save folds, but to the whole 
synclinal region (zone of longitudinal valleys) within which the Save 
tolik occur as a special deformation 

In particular, the explanation here cannot be that of a peneplain: 
which bevels the Ncogenc synchros. A lower denudation level is de¬ 
veloped, on the Neogene of the Save folds, at 3 height of about 500 
metre*; sinking eastward and westward it yet remains at a considerable 
height above the present valley level. It U characterised by lines of 
entrenched valleys, which are by no means confined to the Neogene 
but extend on to various tectonic and petrographic zones {Palaeozoics. 
Trias) as an independent level. This valley level is of Poritian age, 

f, f-M.A. 
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us is proved bv the penetration into it of unfolded Congcriit beds near 
Ltchtenwaid, 

Thus, in the area under consideration, there is nothing to go upon for 
dating the main peneplain; of the coastal High Karat- For the time being 
the commonly Accepted generalised date—Miocene 1 **—cannot l>e veri¬ 
fied and mure sharply defined. The origin of the third level is certainly 
klcr than the main Oligoccne folding. 

Thus \vc art still very far from any exact knowledge of the geological 
interval which lies between the times of formation of the denudation 
levels treated here, from their inception until they were separated from 
their base levels of erosion by the intercalation of steeper and younger 
siupc units, i d. until they began to be dissected. But this one thing is 
certain: in the boundary aone hetwecu the Alps and the Karat, there 
occur at sntral letch, urn ubote twot he*, ancient form associations, of 
subdued modelling, sometime* of a most symmetrical character, which 
arc connected with one another after the manner of piedmont rials. The 
approximate lime of their formation is between the Eocene and the 
Ijpper Miocene, a short interval of time compared with the rate at which 
denudnrion can work, a time during which continuous and vigorous 
crustal mwcmciits were occurring. In view of this, it is Burprising [hat 
no doubt tins been cast on the correctness of the assumption that ail these 
peneplanes, and pcncpiaimtcd fragments, developed as typical end- 
pencplancs, [Dati’isuiiv] peneplains, during pauses in tectonic activity. 
The desire to find these has often had the effect of prejudging the issue 
us regards establishing them. This is especially true of the adjoining 
areas to the south-east, the D marie Karat, where are to be found the most 
nearly graded pctlcplancs known anywhere. In parts they have been 
shown lu belong to different levels: like true piedmont dm* the lower 
ones continue as valley forms into the higher ones 1 **. But as regards tire 
level fragments on the summits of the Various chains, separated bv strike 
depress inns containing aerie* of pokes together with lacustrine deposits 
of various ages, the identification is quite uncertain. Tile tectonic con¬ 
structions invented to Fit il seem to have absolutely no foundation 11 **. 
Hie intervals of tectonic repose which the “pcfieplanation’ or the whole 
mountain area demanded, anil which were accordingly found, could not 
possibly have been anything but so short that whole mountainous 
regions must have melted away, like butter in the nun. for them to liavr 
readied the condition of an cml-ptneplane in that time, Neither at the 
boundary between Alp* and Karst, nor in the Dinaric Mountains, is it a 
matter of true cnd-prricphmcs, but of a primary pcneplone, The pied¬ 
mont Bata, widespread in both cases, fall into the same category The 
trend of their development, from the moment of their inception on- 
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wards, is the same as has I wen found to he characteristic uf piedmont 
flats, Hie manner in which their development in the Karst was curried 
out was* of cwir&e, aomcwhai different, being determined by the special 
processes of denuded on associated with a terrain nf so In hie limestone. 
Yet even in the Karsi, piedmont flats grow at the expense qf land rising 
above them* and in their turn become shortened from below by the 
growth ni lower flats. This is the way in which the steps have been 
formed between the pencplanc JeveJs (or planailon levels) in the ]>maric 
Mountains, steps which have long attracted special attention on account 
of the grandeur of their scale" 411 . Their slopes rise up concaveh from e lie 
lower flats arid pass over as convex curves or. with a sharp convex break 
of gradient, mio the higher fragmentary levels. The flight of steps begins 
at, and progresses from, the valley-ways which cut into these surfaces 
and divide them into !ol>e*, The valleys debouch on to tire piedmont flat? 
where they find their nearest base levels of erraion 1 * 1 . As A. Penck had 
recognked and A. Gnind, O, Maul! 1 ® 7 and other* later worked out in 
more detail, the enlarging surfaces thus not only have on mdmation 
which corresponds to the direction of the drainage, luit ape direct I v con¬ 
nected with individual main watercourses. The interval lev divides be¬ 
tween the backward cutting tributaries become narrower* and dis¬ 
integrate into iiisdbergs which ri$c above the penepkned surfaces 
(‘mosorft 1 of A_ Penck*). They are excellently developed, like all the 
other characteristic features due to the extension of piedmont flats in the 
boundary region between die Alps and the Karst; and they have been 
studied here by N, Kreh* and l', Kossmat. In groups and singly, they 
rise to an average of 400 ta 500 metres above the chief graded penepkue 
{third level) and by the same imntjni on it* faulted fragments. They 
usually still show fkltish tops, and south-eastward^ they gradually merge 
into a higher plateau tmrhwe iM ranee, Goljak, Xanos, javnmik, etc.). 
They are the relics of on older pcneplane level, v hich has been preserved 
in such extensive fragments in the direction of the Sehneeberg [M. 
NevxpfioJ of Camiofa [Slovenia] that the flat character of its relief can be 
readily perceived. The south-eastern Tschitschcnliodcm [Munti dci 
Vena] also belongs here The altitude of this highly disintegrated sur¬ 
face correspond* perfectly with that of the second levd on the cjuicm 
slope of the Julian Alps. The two may be identified with unv afimbcr, 
since both lie on the name strip of m m m tain land between the same down- 
bulled art,*.* (Save xunc and Adriaj. The Sclmrebcrg fM. Nevnsoj of 
Camiob [Slovenia] rise* like an tnsellx-tg above the wond level of the 
Coastal High Karst, II is the 1 ionh-western outlier of a. group of emui- 

[* A, Penck, (irtrtwtplmhgiuh* Studi** am Bamlm and sin H^rst^rmnn 
iZeibielir. dentseh, und Oil. Alpcnv. XXXI„ m*oq}.] 
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encea which seems Lo have a yet ({miter significance in the neighbouring 
Croatian Karst, am! by its age and position appears to belong to the fin!! 
level of the Julian Alps. This inselbcrg zone extends on one and the 
aarne crustal strip from the extremity of the Julian Alps south-eastwards 
tilting the strike of the mountains; F. Rons mat is correct in assuming it to 

be the fragments, already reduced to a mini.u, of the earlier Adriatic- 

Pan non inn Watershed. 

On glancing back. we iind the Alps to consist of an arch which is 
diversified along its strike by upswinging* like wave crests and depres¬ 
sions sike wave troughs. This form is reflected in the course taken hy the 
absolute heights at which the gipfclllur is maintained. This is a character 
which, as will lie shown, is of outstanding importance fur diagnosis. The 
whole wave system, as the Alpine arching may he termed in a purely 
descriptive sense, is furrowed by valleys and extensively disintegrated 
into ridge crests and individual peaks, the wave crests being equivalent 
to the ridge antes just as the wave troughs form the nones of the longi¬ 
tudinal valleys. This disintegration becomes noticeably leas towards the 
eastern end of the mountain system, as expressed in the older, gentler 
form associations on the intervaJIey divides of the Nigh Calcareous Alps 
(which correspond to the zone of ridges). Three further sets of features 
must be pointed out, which become more and more marked in the eastern 
part of each mountain group and at the eastern end of the Alps them- 
selves: 

(a) As the absolute height of the gipfdtlur (discounting tile above- 
mentioned wave-lilu: manner m which it is divided) diminishes towards 
the northern and southern edges of a cross section through the ridge 
crest*, so also it lessen* in an eastward direction along the trend of the 
mountain*, Together with this, even on the summits of the ccntrally- 
lying ridge zones, flams h and intermediate form associations appear ever 
better preserved anti extended more widely, forerunners of the steep 
slopes belonging to the present sharply V-shaped valleys. As vet these 
have been little studied, though they have often been noticed**" {e.g, 
Ifarhcrgebirge, Smialpe, the northern end of the embayment of Graz! 
etc,); and their analogy with the plateaus of the Calcareous Alpine zones 
has been rightly stressed They are tlteir equivalent in developmental 
history, but whether thin is also the case a* regards time is still un¬ 
known"”. In its main features, this whole omfigurntlort is independent 
nf the fold and nappe structure as well as <if the character of the rock” 13 . 

fft) Nut only does the mountain arching, taken j* a whole sink east¬ 
wards. hut also in dlifl direction its undulations become ever sharper 
and this can he recognised a* a re«w,Ec characteristic IV origin of the 
zones of lungiiudir. il valley* hm here proved to I*, in ports verv 
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ancicflt. By mid*Tiali&ry\ anti locally early Tertiary, they were in being, 
■is may be seen fmm the interealoUun in them of strata of corresponding 
jgc- Theac can be correlated tvith the progressive denudation of the 
accompanying ranges. The beds are not parts of j uniform nappe which 
was once more brought down into the troughs of the longitudinal valley 
zones, depressed or faulted into them and y . preserved there; bin they 
invade zones which were staking, relatively. and were thus becoming 
areas of sedimentation. Moreover, they tin not lie on the floor of an 
hypothetic*! iyndjnc, but nun tie a denudational relief which the zone* 
of the longitudinal valleys had preserved, a relief which therefore had, 3* 
it were, been carved in the floor of an hypothetical synditie. Crustal 
movement, continuing right up to the present day, has distorted the 
invading Tefibre beds* and has caused thdr further relative subsidence 
(partly through faulting). Aside from this,. what can be observed near the 
end of the mums lain system h a repeated alternation of $edimemalion 
and denudation, shown especially clearly in the area of the Save longi¬ 
tudinal valley zone. Here, according to investigations made by F. Teller 
and F, KosamaU the following stroiigraphieal development is to Iw 
found (sec p. 240): 

Above a surface of denudation {witonfwrmity), marine Aljd-Oligo- 
cene (corresponding to tin: lintel tfOinhcrto strata) here follows tIn¬ 
folded Palaeozoics and Frias. Il is a liiLund facies 

Unumftirmity —surface of denudation, 

Luc us trine Upper Oligoteiic with t'yrri iu Crtilfrium 

murgaritaemm, Anthratothtrium magnum (Sotzltfl beds corresponding 
more or less to the lower freshwater Motasse of the Alpine Foreland), 

Unconformity* 

Marine AquhaJiian (limestone will 1 LtpuimyeUnaji locally restricted, 
i.e. lying in iht hollow? of the relief; above it there follows conform¬ 
ably and Stretching far out* 11 : 

Burdigulbn | which extend w^iward a considerably shorter di&tam:c 
Helvetian " in the synclinal region of the Save than do the Sutzka 
Samuiti in | beds (e^g. nm >0 far as the Wochein. [Bohinj] trim^h 

Unconformity. 

Pont (an. Pebbles and Gongrria Iwds, The imtirtgressinn evteneb only 
os far as the outer edge of the Save folds. 

Dmudatiun turfarr* 

Levantine. "Hie transgression no longer extends to the edge uf the 
mountains 
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There i* on (he whole a retrogress ion, a moving outwards of the 
sphere* of ,sedi men ration P a swelling out of the riTca of denudation. The 
procures lias not, however, been continuous, but has run a periodic 
course, interrupted by transgressions of a secondary order* 

(c) The buck ward and forward oscillation of the area of Tertiary sedi- 
mentatmn is no peculiarity of the Save embay me nt, but is characteristic 
of the whole 2 one within which die Alps plunge eastwards into the 
Pannonjan Pkhi. Although, according to what is ai present known, the 
exposures nowhere indicate $0 great an age in the Tertiary sequence as 
in sou them Styrhi and northern Camilla; yet from the detailed investiga¬ 
tion* of W Pemacbdt* J S 5 !ch# A- Winkler, V. HUbtr + A, Aigner and 
others* 11 , the following may be considered an assured general result: in 
ihr rmtern mmgimtf region 0/ rhr dipt *re arching, a zm? of unemfurmitm 
ieparatts tin nwttntmmm* district in the nest from tin ami of continuous 
sedimentaihn m tkr rust. This applies above al! to the sections of the 
Tertiary with which we are here concerned, those up to and including 
the Levantine. Thu-* exactly the same phenomenon is repeated as that 
which was also observed at the edge of zones of uplift in the region of 
the continental massifs (pp. 2 zj p 22b). 

(c) Anatolia 

In spire of Lhc considerable disturbance by folding which bn$ affected 
beds as late as the Upper Miocene Sartnalian in the cast part of the 
Eastern Alp&, it in evident dial their great wave-tike undulations along 
the strike are com parable with tlie tectonic type of broad folds The 
earliest account of the form and development of broad fold structure 
comes from Anatolia^ 1 . 

Considering origin and arrangement, two regions arc to be distin¬ 
guished there: {a) the western part of the peninsula within the Taura- 
Dinaric frttOOO, and [ft) the festoon itself, 

(a) The western and north-western broad folds arc chartCtcristd hy 
the way in which (heir course (E-W) is entirely independent of the 
Structure or the folded strata. In these latter, it has #0 far been possible 
tpj distinguish fold features, possibly of pre-Cambrian, certainly of Palae¬ 
ozoic age (apparently two late Palaeozoic phases), prt-Crelareoiii to 
l*ower Cretaoetnis, Lower Eocmc and (posthumous) Oligoeene. 

lift) In 1 be festoon P the strike of the broad folds coincide* with that of 
the folded strata, which are of Eocene age in an inner zone and uf 
approximately Mid-Oligocerte in an outer zone (referring here only to 
the Western and Lyrian Taurus). ITjcre are indications that even at that 
time folds„ which had just arisen or were arising, and rock slices,, col¬ 
lected into fasces, emerged as Individual ranges, Le, as anticlines of a 
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major order, which shed their debris into adjoining trough? of a similar 
order. For the main part, however, in both areas the formation of broad 
folds* of ihrir prc&ent extent and appearance, falls into the subsequent 
period. tasting from the Upper OHgocent to the present day, and there 
is nothing to show th m ihc movement is ye? at an end. 

The strata to be correlated* wit!* the broad folding, are found to he 
mainly, but not exclusively, in I he synclinal areas, the broad troughs, 
As far as is known at present, they do nor correspond everywhere to an 
equally long interval of rime within the Tertiary period. In individual 
regions the oldest beds &□ far recognized are equivalent to Ifitir Aqui- 
tanian; the Mediterranean slace* (Hnrdigqliqn, Helvetian) have been 
traced (orally; Sanitarian equivalents scorn to be more generally distri¬ 
buted. Pontiim strata denote a climax in die regional distribution of ihe 
Anatolian Scdgcne, which seems only locally to pass up into the Levan- 
tine 1 * 4 . 

The author wis the first U> make continuous investigatiun into the 
petrographic fades and the bedding, over a major part of the area of the 
peninsula, These show that Ncogene deposits were laid down in area* of 
relative subsidence 5 fS + These, however; did not everywhere, nor during 
all the divisions of ihe Tertiary ihat are concerned,, coincide with the 
present synclinal zones. In Miocene, even as far m into Pomian times, 
they occupied a greater area. In course of time the number of mountain 
ranges with an east-west strike has increased by the arising of new anti¬ 
clines out of the broad troughs. Thu* the regions of deposition not only 
become divided up, but their area more and more dimmiabeiL Tlie 
ranges, therefore, are of different types. Those of earlier origin were 
never covered by Neogene* Instead, this lie* against ibetr flunks with a 
mountain-foot facies of coarse dust it material. This facies passes into 
fine-grained calcareous mad as the interior of ihe trough is approached 
(e.g. the marine Lower and Middle Miocene of the Lycian ranges; the 
Ncogene, presumably going back to the Lower Miocene, on cither side 
of the Bithynian Olympus, etc.), Distortion nf these and taicr deposits 
indicates omtintiaLion of the arching. The younger chains, on the other 
liajid, former I v king right underneath these same Tertiary sirala, arched 
ihcm up intn anticlines ae they rose, and fur the mast part they became 
rid uf them through contemporaneous denudation. In the troughs on 
either side, the correlated strata were deposited j* younger Neogene 
heda, The mountain Too? fades is turned towards flies at ihe edge afj 
ranges of earlier 3* well an of more recent origin; attd everywhere, nr at 
any rule along the margins of the latter, it transgress UfKOi; form ably 
over the older, disturbed Neogene, 

[* Bee ifEwjuuip j 
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The unconformities within the Neogenc sequence are not at the same 

strati graph Seal Icvd either regionally or along the edges of the individual 
chains. They cannot, therefore, without further evidence, be used in 
determining the age nf the group of strata lying above or below. Rather, 
they denote the appearing of new- ranges at different periods fur each 
case (unconformities of the first order): or else they occur in conjunction 
with continued movements executed by one and the same range (oscil¬ 
lations of the axis type, to be treated Iatcr) + Occasionally these uncon¬ 
formities of the scenud order are repeated in several storeys one above 
another, and they indicate a continuance of the movement on account of 
which the strata just deposited weft con rinually bring disturbed, dragged 
(even folded), exposed to denudation .-it the edges* and immediately 
covered up again by younger beds of the series. These arc Incd marginal 
phenomena. Investigations by Oppctihdm, however, lead out to sup¬ 
pose that the above-mentioned unconformities of the first order occur 
mmt frequently between the Middle Miocene and the Ponthtn beds* 
This would mean that the Upper Miocene was already a period of inten¬ 
sified broad folding, as indeed the author lias proved to be the ease for 
the succeeding periods of the Levantine up to the present day. 

Thus Neogerw facies and bedding not only give detailed in format inn 
lps to the development uf the whole system uf chains hut make clear the 
anticlinal character of the ranges and the synclinal nature of the longi¬ 
tudinal, strike, depressions. The complication* in the stratification dn 
not mack this fact. They are due tu the fact that the Tertiary Strata* 
especially the younger divisions (Ponfian-Lc van tine) at the edges of the 
chains, Hooded over a diversified hummocky mountain relief, and here— 
particularly in the old buried valleys-—have frequently suffered peculiar 
disturbances by a process of dragging, which h suggestive of a large- 
scale settling down accompanied by much faulting, Further, it must be 
men turned that the broad folding reacted on the strata filling the troughs 
imt only in the scn?e ot dragging them along, but at certain places it has 
even folded them. The condition? under which the folding occurred have 
nnl yet been elucidated. All lhat in certain is that ihr older NeOgGOe 
horizons appear in gmrrai to lx- more strongly pushed together than ihc 
you tiger ones. Vet they are by no mean? folded everywhere, just as the 
Pontkn and Levantine equivalents are nui entirely without folding* 
From this. Tt can he deduced with certainty that tangential forces came 
into play, which however could not have been situated outside the sys¬ 
tem nf broad folding, hut only within it** 1 . Finally the fact must lie 
pointed out that longitudinal faults occur along the strike of die broad 
fold system towards the west, i.e* in ihc direction in which there is 
generally an increase in the amplitude of the broad folds (vi£, in the 
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difference of altitude between the Cfestt line of she ranges and the Nco- 
gene-covered floor of ilie troughs), The connection between The develop¬ 
ment of fi nite and the increase in the amplitudes is unmistakable. and 
impresses 'he observer who follows up the fault systems from the west 
towards the high land of the interior: the faults, for the greater part, 
peter out in that direction; The ranges comparable to horsis in the west, 
fiecome fault-free antidines; the depressions which, according to A. 
Phifippson, frequently have the form of down faulted troughs there, be¬ 
come ayndints. Ranges and depressions dn not disappear, but the 
majority of the longitudinal faults do so* 1 *. 

The differences in origin of the ranges are naturally parallelled by 
diversity in their outward shape. The Bitkynum or Mysian Olympus < the 
Kesbish Dagh [t'lu Jag] of the Turks, may he briefly considered as feeing 
typical of a range trending almost out-west and of a sumewluit early 
origin* 1 *. Several levels ^tand nut sharply from cme another. The highest 
and oldest 11}, on the summit of the range, is hill country nf subdued 
relief, iis sJojk:^ consistently concave in profile, with wide trough-like 
valleys, the doors of which are a: about zzoo metres above sea level, 
while the peaks rise in 2500 metres* It extends but a slight distance east 
to wot, along the strike, and is then replaced by a blunt ridge where 
younger, steeper slopes meet. These are identical with those 1 fl * leading 
down by convex curves (convex above) to the next lower level; and on 
the north side of the range, they end below in the so-called 'upper 
termer 1 . This surface II fringes the higher central mount a inland as an 
undulating piedmont flat, stretches of it being dissected, in no 1 riding 
manner, with some of its -shallow valleys still ending upon the terrace 
itselP^- It is bounded on the lower side by further steep slopes, giving 
a sharply convex break i>f gradient, and its edge lias obviously been 
already worked back considerably. I n some places these slopes belong to 
the steep relief which h*s developed upwards from the present day, 
sharply incised valleys on the maun Lain 1 Links (north-east section of the 
mountain*); but in others they end below in undulating surfaces dia- 
iingTiishcd by a shallow valley-system of their owiL These surfaces pene¬ 
trate into the upper region as valleys and are preserved in broad frag¬ 
ment* ( III) on the interval ley divides of the north-western section of the 
mountain*. ‘Tlic so-called "lower lemtee h Ixdongs here. It is item ally a 
lower piedmont flat, l ike the higher one 11 h. it show* the following 
peculiarities: 

1. Along the meridian of the central inou mainland (I) it is hoc yet in 
existence, or ba& already Iwen replaced by j more recent steep relief; 
westwards its width increase* in proportion as the centra] mountamland 
becomes lower and disappears Where t]m ha> came to an end in a 
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narrow crest along the strike nf the range, surface 11 now extends over 
the eorncsprrndiiigly lower summit (about 2000 metres). 'There it is dis- 
$Rfdt especially by valley* which open out on in surface lit; but on the 
ridges between thqm t as well as on the broad domes on the tops of the 
range$ s fragments of it are well preserved. 

2. Both piedmont fiats are strongly warped, in 1 direction transverse 
to the strike of the mountains. This follows* for one: tiling, from the great 
inclination of the remnants still preserved intact, which far exceeds the 
original gradients; and also, more especially, from the fact thai new, 
steep- walled* sharply V -shaped valleys arc incised into the area of de¬ 
formed relief and ttrt confuted to it. At t heir lower ends these finish above 
that convex break of gradient up to which the dm recent steep relief 
has reached, working up from the mm 1 main foot. Et is perfectly dear 
that those sharply V-shaped valleys are not caused by the general up¬ 
ward movement of the w hole range, to which in the last resort the above- 
mentioned steep relief owes its existence, They have arisen because of a 
steepemne of the old form assoc unions, due to warping which Ua* been 
continuing for a long time. For surface 111 , tlii^ warping h two-sided, 
i c, anticlinal. The whole forms a group of features uften mel in regions 
of broad folding. 

At the margin of the range, surface III reaches away on to the steeply 
tilted Neogene beds; ^iih a lessening of its general gradient it enters the 
broad syneJifie of Brusa-Abuliond [Qursa-Apulyont] ( Little Phrygia’) 
lying in front of it and. there, stretches over the slightly disturbed Neo- 
gene filling as an exceptionally extensive penephne. Valleys are incised 
in it; and along the major watercourses they occasionally widen out into 
broadly excavated lowlands. The bordering sto p slopes, which are reh- 
lively low, are morphological equivalents of the high nigged steep relief 
found in the region of the ranges* In that region, steep relief nowadays 
characterises Lhe deeply-scored lower courses of all rivers coming from 
the interior, as well os the stretches of antecedent transverse and 

consistently farms the lower parts of thr flank of the chain where this 
show - the highest uplifts. The present-day valley?, which give rise to the 
sleep relief, form a fourth —the most recent—main levd (TV) which is 
broken by terrace* into a nteotmm of several stages 1 intermediate 
levels). These an- of tm special interest at the moment. 

There arc thus piedmont bene Man d* present. The number and 
arrangement of the constituent parts bear it relation to the height of the 
chain. They are warped transversely to its strike. On comparing the 
Kcshbh Dagh (i,e* the high eastern part of the extensive anticline in flic 
south of Little Phrygia) with its lower westward continuation, the follow¬ 
ing features are apparent. The number of steps between independent 
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denudation levels is greater in the Keshish Dhgli than in I lie went, '['he 
‘t reads* are generally narrower the lower they lit. Along the strike of the 
rartpe thev widen with its reduction in height. At the same time the 
number of levels decreases, the highest being the first to disappear; and 
tin if [Ktihiih Dtigk \ the uppermost piedmont Hat passes westward into 3 
summit plant There steep relief lias already developed upwards from the 
most recent erosion furrow s into a uniform flight of Steep slopes which 
constitute the mountain side (Bursa district (of the keshish Daghj); to 
the west [of Bursa and of the Keahish Dugh] no such flight of steep slopes 
has yet appeared. The steep relief is just as sleep, but extends only up to 
a much lower altitude, and seems on the whole confined lu the valleys 
themselves. It becomes evident that the causes of increased erosion are 
present to a different extent in the two acetium. Thai is only part of the 
problem. The direction in which the piedmont, flats stretch out and 
increase in number] indicates that in which the first onset of erosion 
appeared (see p. 315). In other words, they denote the direction in which 
the K«nc of denudation is growing, i.e. increasing in area. The existing 
arrangement shows that in process of time the range must have grown 
iu width and in length, to a very varied extent, however. ’ITie increase in 
width is restricted, and evidently soon reached its limits: surface (II is 
narrower than surface II— its extension over die neighbouring depres¬ 
sion cannot bo considered, since ibis is connected with the character of 
the syncline and not with that or the broad anticline—and none of the 
terrace levels belonging to the steep relief nutlet at the margin of the 
range with a lower, what we might call, piedmont-like levelled surface; 
they are limited to the wine of strep relief (and indeed converge towards 
the mountain foot)* 61 , i >n the whole, the chain has. grown in length, a fact 
which is illustrated in a specially impressive way by the antecedent trails' 
verse gorges of the streams coming from the interior. Formerly they 
flowed round the highest (m its time the sole) mountain region, the 
Keahish l)*gh; but later, they were forced to become antecedent by 
elongation of the broad anticline (Olfer Club). Transverse to its strike, 
the conditions leading to erosion appeared in the course uf time. In an 
irwretiu'J extent everywhere: the angle of slope systematica I ly steepens 
from the summit to the foot of the range. Iu»£rott//i in height is connected 
with this. The distance has become greater between level ( and what wan, 
in successive periods, the level of the adjacent area of accumulation. The 
required comparative levels ;ire represented by (1] the upper edge of 
the Ncogene transgression, now at the high level to which it has been 
lifted by deformation; [2] the gravels, which, are at any rate pre-PJris- 
tocene. These lie Considerably lower, transgress over surface III. and 
are occasionally found at the edge of the broad synclmt?; [3J the present 
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day surface of deposition I he diameter of the forms and their arrange - 
mem also teach the same lesson. If* of the three dimension* of an anti- 
nttne, its extension abut; the strike is designated as length, its height as 
amplitude.* and its breadth as phase, the state of alTain; may he form¬ 
ulated thus: zzith o. mtinurd gratnih in length and in amplitude, the range in 
question ims NOT 1 on timed to increase in phase in (he samite ay, 

At the present lime it is not yet possible to date thaw elements geolo¬ 
gically with any certainty: for neither the divisions of the correlated 
strata nor their ago* are known exactly. P. Oppenhdirt + who worked on 
A. Philippson's collection, making use of hiy strati graphical observa- 
Tions a<I S takes the calcareous Neogene beds of Little Phrygia to be the 
equivalent of the Miocene* possibly even of early Miocene; and con¬ 
siders the gravels inn stressing over them to be possibly Font urn. 
Puccini, however, ascribes this age to the calcareous l>eds of Sultan- 
bhehr, which occui in a southerly embaymeni of the Littk Phrygian 
Neogene be ft 1 " 1 . Late Tertiary strata approach Olympus mainly as a 
mountain-foot facies of sandy conglomerate; die calcareous formations 
above it have not so far yielded any ios&Ui The) 1 may be of Miocene age, 
in the widest sense nf the word, up to as far as the Fundfln stage. 1 take 
the transgressing gravels la be younger, probably Levantine In that case, 
surface III might lie of Levant ine origin»the piedmont surface Li would 
then belong to some Miocene stage, and the heights (I) might even be 
considered an early Tertiary, perhaps Oligoecne, relic 504 . The western 
contmiMition of the Kcshish Dagh belong* to the type of more recent 
broad anticline, sudi as is shown in its simplest form by the coastal range 
between Little Phrygia and the Sea nf Marmora* 11 ** As a rule only three 
main levels of successive origin can be distinguished in these. An upper¬ 
most one extends along the lops of the convex I y rounded summits, Ffot- 
tkh slope systems are frequently still preserved over great areas of these, 
belonging to uld form aasociaticins which have been subsequently dis¬ 
sected, These tetter show that thegipfelflur, which hm been developed 
in the meantime, possesses an inherited and not a newly acquired chamc- 
tcr* fti . In the coital range* thi- ckmt-m [of form] appears only un 
isolated upswinging^ of the mountain mas*>, arranged its hrachjrantidines 
along the stnkt: of the chain, tike a firing of pearls, and separated from 
otic another by extremely wide depressions in the crest of the range, A 
large part of these latter still consists entirely of Neogen c beds, com¬ 
posed uf sandy marl, conglomeratic in the lower horizons. There 1 $ well 
developed anticlinal betiding^ The trend of the mountains coincide 
with the strike of the strata. As m indicated by miduol remains, the 
higher upswinging* of the mountain mass, now almost entirely free from 
late Tertiary utratj, were also originally completely covered by them. 
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They are archings up of the substratum of the Neogene. and the course 
of the gipfdflur exactly reflects the hrarhyantidinAl hedding in the 
si rata AW *. 

The mxi lower level is given by the doors of the valleys which invade 
the upraised parts of the mountains and debouch at the edge of the broad 
undulating peneptane. This piedmont flat passes over from the sub¬ 
structure on to distorted Ncogent beds, hi a manner analogous to sur¬ 
face III, it extend* on the one hand over the Liter Tertiary of the ad- 
jacern broad jyndinc p and on the 01 her over the wide dep ressitma between 
the brachyanticLines. Here it can he seen dearly how the upswinging* of 
the mountain*, by donation along their strike, grew together into a 
single range of uniform appearance> The lowest level occur* on the Honrs 
of the valleys dissecting the peneplanc. These are wide and shallow in 
the region of the broad syn dines (where there h excavation and fresh 
aggradation* Conversion into swamps); narrow, deeper, and with steeper 
walls in the zones between the brachyantidines, more precipitous and 
deeper still in these themselves. 

Apart from direction of the systems by the latest formed of the steep 
V-shaped valleys, the broad anticlines of recent origin present a picture 
of central mounts inland and surrounding piedmont flat Both are. 
stretched out in the direction of Lhe -.-trike uf the mountains, and the 
forms of medium relief belonging to the central mountain land have th^r 
slopes rftaracterfccd by convex profiles. Thus a contrast is evoked he- 
tween the general concavity of the older form associations out of w hich 
the mouniainhnd has been carved, and the form* of ihe still higher 
levels which are to be seen on the ranges, or portions of ranges., of earlier 
origin. Cum pared with these earlier chains, the broad anticline* of simple 
morphological structure, which appeared later within the broad fold 
system, seem to be mote numerous. The same is perhaps also true for 
Macedonia, that part of the Dmarida in which F. Krasmai is inclined to 
think that it is mainly Hie ymijigcr type which he can rrcpgru*e* 0ls . 
Further detailed investigutiun will undoubtedly reveal ranges older in 
origin—and of more than one age—and a* the correlated Tertiary beds 
are extensively preserved, it will be possible, by means of their atraii- 
graphical sequence, in determine the variotiJt [denudationalj element* 
geologically. Isolated observations made by J* Cvijic stern to me tn point 
in tins direction. They are* however, too meagre and disconnected in 
,illow of a definite judgment 11 *. O, Maull's research in rht- Pcloponnese 
and central Greece provides additional fret* 111 . f)n the whole, sufficient 
observations are available on the fades, arrangement and stratification of 
the Tertiary beds, spread out over the basins and longitudinal depress¬ 
ions, in remove any doubt as to the broad fold character of the 
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Bniko-Grcck Dmsuids. And E consider it probable that the morphologi¬ 
cal differences noticed between the inner and the marginal parts of the 
mountains in tbe north-westward continuation towards the Alps, are 
differences between older broad folding—of varied ages —mid that of 
mo r e recent origin 311 

[d) The Anoint Syfusm or 1 Mountain Ranges 

We turn to observations that have been made in the Andine system of 
mountain ranges. The chief characteristic is the aJfcnjaiion of more or lew 
closely ranged chains and depressions, known in North American litera¬ 
ture as 'basin range structure** from its prorotype in the west of the 
United States of America, Since Lite classic researches of Gilbert 411 * 
whose interpretation was accepted and carried further by J, C Diller, 
Powell, Dutton, etc., strike faulting has been taken to tie the essentia! 
tectonic element concerned. These faults are considered to have divided 
the mountain mass into long narrow strips, which iiave btcti displaced 
relative to one another in such a way that the upraised horat-likc strips, 
nr the raised edges of blocks that arc merely Lilted, became mountain 
range* The depressions are considered to be either the hollow* left 
between liked blocks or to be fault trough*. The altitudinal configuration 
of the chains is thiiA attributed to vertical displacement. Hence a direct 
relationship is assumed between the height of a range and the throw of 
the fault; the drop on one side of a range or on both, as the case may be* 
appears as an unlevdled fault scarp, ti is considered cum parable to the 
Quaternary faults which cross various mountain basins longitudinally as 
ii n level led fault facts, though of smaller displacement, and may have 
been produced by earthquakes* M - 

Ukc other systems of mountain chains, Ehe Cordillera [of the Amer¬ 
ican continents] 1 ms many plates where strike faults, sometimes with an 
extraordinarily ereal throw. have in fact been discovered; as in the Ilst^in 
Ranges, the Pampean sierra* '.if the Argentine, and elsewhere. Thus their 
significance in mountain building cannot he doubted. But it has not by 
any means been geologically proved to be the rule for the ranges to be 
bounded by faults—even in those part* where a geological survey has 
actually been made. This state of affairs, and more particularly the exis¬ 
tence of ranges where it is known for certain that the structure is un~ 
faulted* show chat faults do not play that part in mountain building 
which has been ascribed m them. This has, indeed, been deemed such a 
firmly established fact, that often enough thrir existence lias been taken 
for granted without any attempt to prove it. ur even without troubling 
further about It when the evidence wag negative. Instead* morphological 
criteria luve long been U 5 *rd a* evidence itmJ (nub*, probably exist, in 
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itrcjts difficult of access for geological examination. And W. M + Davis 
attempted to develop further this theory about faults, on the basis of the 
cycle theory* 1 *, Since then, steep drops in the muumain flanks an the 
side towards the supposed fault* facet-like surfaces which there truncate 
the mountain spurs at the foot of the range and are interpreted us prac¬ 
tically unaltered portions of the actual fault plane* together w ith erosion 
valleys, sharply Y-shaped in cro$s section, which persist till they de¬ 
bouch at the mountain edge, are taken to l>e irrefutable proof, without 
unv ptwsilnhtv of rmsinterprctation, of the faulted nature of the margin 
of the range 11 *. Nevertheless such a possibility must be admitted in the 
case of the feature* just described. Flexure of parts of an upper surface, 
Without any faulting, leads to morpliological modifications which are 
similar to dislocation by faulting. It ls just in regime of broad folds dial 
this can quite well be seen: and it constitutes a problem, the general 
solution irf which can lie Found only if it is treated an a caae of slope 
development. 

On the other hand, little attention has been paid to the fact that strike 
fault* of great throw , actually established ;i>. present in region* of moun¬ 
tain ranges or near their base, do not m a, rule appear as unlevellcd fault 
scarp* and da not form boundaries between various types of relief* as 
might be expected if they separated crustal strips each having a funda- 
mentally different sort of movement anti so j different endogenetk 
origin. In tin* case, no dislocation is visible in the development of the 
relief feature* in the way that there 1$ along the western marginal fault of 
the Ficlitdgebirge. Hut, apart from differences due to rock materials, the 
sleep, medium, or flatrish relief—as the case may ire—Usually pause* in 
the tame manner and unbroken over the line of disturbance 3 The 
faults are not indeed the prime condition Eng element in the formation of 
the ranges, but under certain condition* they appear Id accompany this, 
being incidental to the occurrence of a main movement consisting of an 
undulatciy bending of the crust* vis, warping in to broad folds. C. King 
recognised this fifty years ago for the Basin Ranges 11 * and recently C. L. 
Baker has emphasised it 1 ™. Inhere are feature* which prove Lhesc cod- 
nectiouip such as the anticlinal attitude of the correlated* strata at die 
edge* of the chains, where typical unconfonttitits appear between stages 
of differing age, and a umilar attitude for live covering bed* which still 
occasionally arch over the summits ot the ranges 130 . These have not 
escaped the notice of either older or more recent observer! in the North 
American Cordillera. Bui it appears that the theory of tilled hlocks tiaa 
diverted attention from any other evaluation of what has been observed, 
In addition, exposures of that kind [i.e. showing the attitude of ihc beds) 

[* Aae gluma*?,] 
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do not appear to he aL all frequent in the Basin Itafiges anil their con¬ 
tinuation; and connected sets of correlated strut j are rarely developed 
to any gresrt MtcnC. 

Some parts of the Argentint Andes afford further insight into this 
mutter, Correlated strata frum the Upper Cretaceous to the present day 
have been preserved, particularly in the north-western and northern 
Pant pea 11 Sierras. In part, these lie in front of the block of the Puna de 
Atacama on its east side; in pan* southwards, they are separated from it, 
and then form a belt in which they rise like Mauds front the central 
Argentine plains as north-south ranges in front of the High Cordillera” 1 . 
With the help of these, it has here been possible to reveal the broad fold 
nature of the basin rai!f:e structure' 3 ” The morphological investigation 
is sdil in its first stages. Special attention may l* called to the following 
points: 

Tho easternmost member of the I’atnptin sierras is the complex of the 
Sierra de Cordoba, emerging isolated and meridian-wise from the Tam- 
pa* divided up in the same direction by several depressions. The earliest 
observers described the individual parts of the mountains as high 
plateaus, and called special attention to the asymmetrical nature or the 
ranges . steep drops westwards as contrasted with gentler eastern 
slopes The*: eastern slopes are formed, as is now known, by fairly level 
peneplnncs. which lead down, with a slight eastward lilt, from the two 
main ranges, the Sierra Comcchingojies—Sierra Grande and the parallel 
one. reaching further northwards, of the Sierra Chica. These are bdng 
scored by precipitously incised valleys. Over a good pan of the west sides 
of the ranges, on the other hand, pent planes are absent; instead, the 
noticeably steeper western slopes appear to be disintegrated into a deeply 
dissected steep relief. J his gives the impre&uon of steep breakings 
away” 1 . Closer examination, however, reveals the following facts: the 
greatest descent of the Sierra de Cordoba, from the general crest line to 
the plain lying at its foot on the west, amounts to a maximum of 2000 
metres (latitude of the Tampa de Ac ha! a); further south (Sierra de 
ComecliirigoncsJ to about t-jco metres; generally averaging about jooo 
metres. But these differences in altitude Correspond to an average hori¬ 
zontal distance of 10 to 15 kilometres from the summit of the chain to its 
foot. This means a -dope with 3 man gradient of 5 (maximum about 
11I hat is not what could be called a steep drop tomummi fault* as 

hj * lwcn “■*»** md dmm id a protiie with exap. 

getated venial scale** 5 . Nor can faults along the mountain base he de¬ 
duced from the steep relief into w hich the slopes in question are broken 
uji; nor from the scarps, dissected by valleys and lubate in form which, 
as Schmioder was able to show, exist between the various ptneplatie and 
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denudation levels The first feature* the steep relief, merely indicates the 
full effect of vigorous downward erosion on the shorter and therefore 
steeper western slope, in contrast to the eastern side of the mountain 
which, because its slope is longer and gentler, is correspondingly further 
from equally complete dissection. But to judge from the precipitous 
nature of the valleys sunk in it* downcutting must be working with 
approximately the same intensity in It us well. Vast fragments of pene¬ 
plain? fttUI extend over the divides between those vktby*, The second 
feature [that of the scarps] is obviously equivalent to the pciicplanc steps 
which we have already learn i to recognise in the most diverse parts of the 
world. On the west side of the Sierra Chics l saw an extraordinarily wdl 
developed piedmont Hat encroaching valley-like into the higher part of 
range: and the saint- may be assumed for the other similar scarps 
which Sdunieder discovered, though there are no observations available 
upon thia point which is of decisive importance. 

Thus there does not link within the above-mentioned morphological 
features that indication of faulting desired and ascribed to them, faulting 
thM was held responsible for the driixuitation of the itn junum jiuias and 
its meridian-wist division after the manner of tilled block/;, T lucre ri no 
proof of its existence. Nevertheless* faults play an important part in the 
interpretation uiTcred fur the so fur observed. The pcneplanes 

appearing at different levels arc interpreted ips» fragments of a single sur¬ 
face dislocated by faulting: and here. ;j> well »:n*n the other ranges of the 
Pa nip tan sierras, they are considered to be die re -exposed Palaeozoic 
peneplune on which the continental Gonthvanu senes (the Taganzo - 
beds, principally of Permian and Triadic age) have transgressed over the 
old folded substratum 13 “. This looks like simple transference of ihc doc¬ 
trine, Jong held in Germany, according to which the pcticplants occur* 
ring on the summits of the German Hightamb were bared portions uf 
the Permian land surface There, however, it was long ago demonstrated 
that conditions did nut exist for such surface stripping; that further, the 
peneplain# to he observed lodstv do not coincide with portions of late 
Palaeozoic or early Triassic surfaces, hut cut across them; and filially 
that the Permian land surface had a mountainous chancier and was not 
a penepkmc. Pent planed surfaces occur only in the very limited zone of 
early Triassic denudation. We shall come back to this |>r>int tarer- In 
Argentina, nodose investigation has ever been mode of the nature of the 
lower surface of the Gondwana series. It has, however, become known 
in the meantime that there ore quite considerable variation* in thickness 
within the Gondwana bed*; on account of which—as G, linden Lender's 
excellent investigations in (4 Rioja have diown — rocks belonging to 
quite different system* (Permian, Triaasic and even Rboctic) transgress 
h r.M.A, 
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directly on to the old folded basement, it therefore follows that the lower 
surf Lice of the Paganzu stmt a is no plain, no peneptane, but mountainous 
in relief, with differences in elevation of several hundred metres 511 . 
Further, at several places, also in the Sierra dc Cordoba s *\ it is possible 
to follow 8 directly ihc passage of the present ptnepianc from the crystal¬ 
line basement on to the denuded remnants of the Gondwiina-Faganao 
beds, Thus there can be no doubt that the above-mentioned inter¬ 
pretation is erroneous. The present Eand surface cuts across the Pernio- 
Triasslc one; where it is on crystal line rocks, it lies below' it by an un¬ 
known amount; where on the G on d wan a beds, it lies above it. Like those 
of the German Highlands* the pentpkmes of the Pampaan. sierrat are fresh 
erections, which are causally connected with the history of the formation of 
the Andine ranges. 

According to the observations so far available, the highest and oldest 
levels arc confined to the Sierra Grande 5 ”* and arc found in that part 
called the Sierra de A chub (fig, 19), According to Schmiedetp this part 
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of the mountains bears a pen e plane tying between the altitudes of 5200 
metres (in the west) and 21OO meTres (in the east), and has inselbergs 
rising above it. These latter are the remnants of a central mou mainland 
w hich lias by now been completely disintegrated. Judging from the mar¬ 
ginal position of the inselbcrgs, it formed the watershed, which seems to 
have been pushed far towards the west even in early tunes. Concave 
profile of waning development characterise the mountain sides, and the 
cross sections of the valley troughs in the surrounding pcneplane. This 
latter is a typical piedmont flat; the fragments of it today visible may 
perhaps already correspond entirely to the proximal zone, and liave the 
character of an end-pencplaiic. It forms a strip approximately ho kilo¬ 
metres long p extending along the strike of the mountains, and only 4 to S 
kilometres broad (11 in the figure); and to the north, south and east it is 
separated by a zone of convex slopes, about 500 metres high, from ihe 
next level below it. the most extensive, main penephne level of the 
mountain mass. The scarp is not, on the whole, very steep 55 *. It is dis¬ 
sected into valleys, and so has a somewhat lob ate outline; and there seems 
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to be no lack of m$el bergs lying in front of it and rising to its height, 
especially on the north side. The valleys, which cut sharply into it, run 
out on to the pcnepkme lying in front, which can thus also he recognised 
as a piedmont fiat (III in figure), It, too* in extensively developed along 
the strike and on the eastern slope of the range, but not on ihe west. On 
that side the slope, broken down into steep relief, sinks to the narrow 
depression of No no, with a north-south trend and its floor at about yoo 
metres altitude. It .separates the Sierra Grande from a secondary adjoin¬ 
ing range (Sierra dt Pocho) lying in front of it to the west. According to 
Schmicder, this latter also bears a peneplane which lies at an altitude of 
about rooo metres, is said to have an upeurved western edge, and to sink 
northward beneath the Pampa. The relationships are still uncertain, and 
for want of correlated strata the connections with the levels of the main 
range to the east cannot be identified. 

The Sierra Chica is no different, This range, which has an eastward 
sloping peneplane on its summit, is, on the west, inclined more steeply 
toward* the depression separating it from I he Sierra Grande. Following 
this depression northwards one comes, near Capilla del Monte, to the 
district where the excellently developed piedmont flat already mentioned 
lies in front of the west flank of the Sierra Chics. 'Hus surface sinks 
north-westwards beneath the Painpa, and as it docs so the valleys eroded 
into it visibly decrease in depth; and so it seems that the same surface 
which extends over the northern cud of the Sierra Grande, sinking in 
that latitude, is arched up here. At all events, this place offers ihr possi¬ 
bility of finding out how the various peneplane levels in the individual 
parts of the mountains art- related as regards position, and the periods of 
thdr respective development By this means, further morphological re¬ 
search will he able to start from the fact that the depressions between the 
ranges, in so far as they come within the region of denudation, bear pene- 
plancs more or less dissected by valleys, just like the broad i roughs in 
Anatolia, Evidently these function as piedmont flats to both of thr ranges 
bordering their; and to bath at the same time. 

Nothing is known as to the geological age of these dements. At the 
western foot of the Sierra Chica, in the neighbourhood of the piedmont 
flat, which he called foreland’, E. Richmann found sands, laminated 
clay, and marl, which he considered to he the equivalents of G. Rodcn- 
bendcr s L pper Cretaceous l.os-1 .hitns beds, a formation occurring at 
the edge of she Pampean sierras in Central Argentine” 1 . Conglomerates 
were found above these, and they were considered as possibly belonging 
to the Tertiary Cdchaqui beds’. These strata, like the Gnndwana scries 
resting on them, are supposed to have once completely covered the 
present Sierra Chica” 1 . Quarta-porphry. a rock which occurs only in 
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the northernmost range of the system, ihc Sierra del Norte 1 - 15 , plays a 
part in their composition; and this seems to stamp the strata in question 
as correlated with that range and as being debited at a time when there 
was as yet no Sierra Chica. Further investigation is still netted. What 
Im I teen discovered about the fades, bedding and correlation of the 
t retarcuus- Tertiary sediments, derived from the neighbouring sierras 
to tile north-west, justifies the assumption that surface forms of earlv 
Tertiary origin, if not even of I’ppcr Cretaceous, ma y hr found in the 
Sierra de Cordoba also. 

The mountains form a system of several north-south ranges, which 
sometimes replace one an other, sometimes are separated from otic another 
by depressions. Morphologically, as far as present knowledge goes, the 
chains represent a type which is in many ways similar to the German 
NighlandH or the Appalachians, and deviates from what w« have so far 
learnt in broad folds and from what will he shown later. The deviation 
consists in this, that piedmont flats occur which, just as in the German 
Highlands, extend not only along the strike of the mountains but also at 
right angles to it. Hearing in mind the symptomatic significance of pied¬ 
mont flats in the interpretation of the development of zones of uplift, 
this means that the ranges of the Sierra dc Cordoba have grown mainly 
in length hut also considerably in breadth. It b certain, however, that 
this grow th has not occurred to the same extent in both directions. The 
considerable extension, to the north, south and east, of the second as well 
as of the third level in the Sierra Grande shows that ihis range has evi¬ 
dently Iveen growing from early times in these directions, hut not every¬ 
where westward: no recognisable piedmont Rats lie at the foot of the 
Sierra de ComccbittgOties and the Sierra de Pocho on the west side. This 
might in fact indicate the presence rtf a fault which had originated at 
these places during some stage or other in the development of the ranges. 
Thereafter it separated the rising block From the neighbouring area which 
did not move but remained nt the lower level; and thus it limited, to¬ 
wards the west, the growth of the range, i.e. the further extension of the 
region of uplift and denudation. Of course this has not proved the exis¬ 
tence of longitudinal faults! (see p. 270 ]. 

T-'rom the gcotopco-tectonic point of view it must be stressed that the 
Sierra de Cordoba lacks not only that degree of uplift which is shown 
structural!v by the deformation in the sedimentary cover and morpholo¬ 
gically by the amplitude, but is ftbo without am Trace of folding m the 
covering strata; in addition there Is an absence of great overthrusts asso¬ 
ciated with dislocations along the strike, such as characteristicallv appear 
in the west and north-west of ihc high ranges welded on to the main 
mountain mass of the Andes. It has been shown that there, at an earlier 
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stage of the broad folding, those structural elements were still baking 
and the rtingea had less amplitude®* 4 ; The Sierra de Cordoba today 
represents ibis stage. That is by no means the same m saying that it must 
have risen later; but up to the present h has not arrived at that further 
advanced stage of broad folding which today characterises the ranges at 
the southern margin of the Puna, There now follow* the conclusion 
reached above, which showed the Sierra de Cordoba as the type which 
with growing amplitude increases in length and inphase. 

In the parts of the mountain muss which adjoin the High Cards Iter a and 
the Puna de Atacama and me attached to them, dislocation?, along the 
strike outcrop as the characteristic structural dements over wide 
stretches of the younger sections of the Andine mountain formations. 
They are often in the nature of overthrusts, and in that case they hade 
towards the west in the western parts of the system of ranges, towards 
the east in the eastern parts. At the boundary of the two zones there 
occurs s broad syndine, nverthrust from both sides, the IM&on of S. 
Maria or the Cdchaqui Valley (Province of Catamarca) 51 *. W**t of this, 
all the mountain ranges arc directed towards the high region of the Puna 
and penetrate from die south into die high country, imparting to it the 
same north-south serial ion which is characteristic of the Pampeart 
sierras in the south of it, VVith that entry* the avert I misting* and faults 
come to an end. w it hoi 31 any exceptions so far as can he seen at present. 
The mountain ranges cross the rise of the Puna as im tanked anticlines- 
The termination of the faults, however, 13 not accompanied by any 
alteration in the orographies I behaviour of the ranges, nor ut that of 
other structural features or in their morphological character; this applies 
even to details, so ihat here It is evident in the most impressive way how 
insignificant a part strike faulting plays in determining the altitudinal 
configuration and the set of land forma On the other hand, the most 
abrupt morphological changes ta kc place where the mountain ranges 
encounter the edge of the highland. This usually lakes place without any 
essentia] change in ihe absolute altitude. But the relative heights in the 
Puna are about f 500 to zooo metres less than to the east and Stfiiiih of if, 
since its longitudinal depressions, the broad sync lines, do not lie as low 
as the bokona between The Pampean sierras, hut at a greater absolute 
altitude, 'This means that there is today a considerable difference in alti¬ 
tude between tile general base levels of erosion on the two sides of the 
Puna edge. .Ind by following Lite morphological development of the 
ranges, it can he seen that there haa been no fundamental difference in 
this respect at earlier stages in the formation of the Antline mountains, 
Thus, in the area* considered, the type of configuration of the mountain 
chain* differs according sib-10 whether they belong 10 the Puna or to the 
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Fnmpean sierras. Fur both regions there is remarkable- uniformity within 
themselves. 

The broad folds to the south and east of the Puna form high ranges, 
Their summit levels average between 4000 and 5000 metres and occa¬ 
sionally esicced 6000 metres, rile aggraded floors of the neighbouring 
bolauns lie at about 1000 metres or less in the southern sections, at 2000 
mcirea towards the edge of the Puna. In spite of these majestic altitude; 
and differences ill altitude, there is very little Co he noted in the way of 
disintegration into a sea of Alpine peaks such as may be observed on the 
high chains which are situated in a moisterclimate and, in addition, have 
experienced considerable Pleistocene glaciation (the High Cordillera 
further south, the Eastern Cordillera of Bolivia and Peru, etc.). The 
broad folds of north-west Argentina meet the beholder like a wall, with 
an even crest-line apparently uimotched, J his impression is produced 
by the preservation of very- ancient form associations with but shallow 1 
dissection—forms of medium relief or peneplants—on the summits of 
die rmtgei that art corker in origin. As a rule these ranges also rise to a 
dominating height and have a great width (see Pkte X. illustration 1). 
On the other hand, on the flanks, nothing mure could be desired in the 
way of jaggedness, i.e, of having been broken up into a rocky steep relief; 
and this feature continues daw 11 to the base of the ranges, and the parts 
where, towards their ends, they gradually become lower until thev 
plunge beneath the alluvium of the lowlands. The steep slopes of the 
flanks already meet in sharp edges and pointed peaks, and these ate 
arranged so as to give a distinct gipfelflur, such as usually characterises, 
over a wide area, the plunging ends of the ranges (see Plate X, illustra¬ 
tion 2), This reproduces or simulates their anticlinal form: i.e. a surface 
tangential to the sharp edges would have the form of a pitching anticline. 
Ranges Which have proved to be of show the same breaking up 

into a steep relief, hut show it over their whole extent. Of the less rugged 
precursors of the steep forms, either nothing st all has been seen here, or 
merely scanty rdica w hich have the character of forms of medium relief, 
never of penep lanes. Instead, the convexity- of the steep slopes it often 
developed in a quite classical manner (see Plate VI, illustration 2, and 
fig. 20), ] he form associations of the latter type are in sharp contrast to 
the steep relief which is found on the straight slopes of maximum 
gradient. These two form-types appear in separated areas; either the 
aone of steep relief for the time heing belongs wholly to tme or the other, 
or else both forma occur next to each other within one and the same 
zone of steep relief; hut even then each is characteristic of a high-lying 
zone well marked-off from that of the other. Thus, the lower parts of the 
eastern slope of t he north-south range Cetro Negro—San Salvador, 
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which separates the basins of TLnogasta and AndagaH (Province of Cata- 
marca} from one another, is characterised by steep convex declivities; on 
the other hand, in the higher part*—the summit region of the range— 
Straight-line slope** of maximum inclination throughout, are equally 
typical (sec Plate Vl„ illustration 2). Further, the imervalley divider of 
the two zones belong to different levels: the rounded ones of the "convex 
zone*, to use a more concise expression, fall short by quite a considerable 
amount of the levd reached by the sharp edges in the crest region. A sur¬ 
face tangential to those rounded interval! ey divides would not indeed 
give the appearance of a peneplain-, hut would be uneven, with humps; 
yet everywhere it is closely adjoining the foot of the straight steep slopes 
which kad from it right up 10 the sharp edges of the crest region. This 
arrangement is peculiar to a definite type of the ranges of more recent 
origin (Jig. ao + A 2), in contrast to the other type in which the dominant 
*teep slopes are exclusively of maximum gradient (tig. ao p A i)”\ Since 
the other conditions (climate, rock materials.) arc similar, the difference 
between the two surface forms, here developed can, m general, be due 
only to this: that in the one case the causes tending to produce slopes of 
maximum gradient have not been in operation for so lung as in the 
second case: so that there the convex forerunners have not yet been re¬ 
placed by the slopes of maximum gradient which ultimately appeared. 
Or. m other words; the causes leading tu an increase tn the intenfiiv of 
erosion, up to the value for winch slopes uf maximum gradient are 
bound to appear, have existed for differed lengths of time in the one 
place and in the other, Lc. have made themselves fdi for periods of 
different lengths as reckoned fmm the present lime. 

One can only fitly speak iff a gipfelflur when the mountain masses 
have been broken up into peaks and sharp edges by incision of steep 
relief forms* and when slopes of maximum gradient meet in such edges. 
They have straight profiles (see Plate IX* illustration 2). Iluwtfvcr, in 
this case, uniformity of development cannot be deduced from this fact. 
For slopes of maximum inciinatum develop when the intensity of erosion 
lias increased to a definite limiting value 137 , Thev retain the same gradi¬ 
ent and shape even when the intensity of erosion increases Further to 
beyond that limiting value; and they remain unchanged in form so long 
as the mtctiiiiy of erosion is beyond that limit, whether 11 it increasing at 
that place, or decreasing again (see p. 158). Slopes of maximum gradient 
may therefore l*e a normal part nf waxing development as well as of 
waning development. Their straight-lint profile only simulates uniform¬ 
ity nf development. In reality, however* the only conclusion thru ii is 
permissible to draw as to the trmr^c of«rational intensity h that it has at 
least reached the limiting value concerned and 50 must at all events be 
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very great. Flit: slope development is, to say, ptn/do-umform when it 
imprints Us mark upon the sleep relief of the ranges .m l help* in deter¬ 
mine the position ami shape of the gipfdfhir. This latter has no direct 
dependence upon the conditions associated with the preceding relief, 
which has been replaced by sleep relief forms. On the older ranges, 
which still bear on their summits fragments of such older and gentler 
land form*, it m 3 y be observed that the gipfelthir does not lie at the level 
of the earlier relief which has since been removed: nor does it continue 
unbroken the line of its remaining parts in the direction of the slope or 
of i he strike of the mountains: but on the contrary it is offset from thin 
by a somewhat noticeable jump in altitude. The surface tangential to the 
peaks and sharp edges does n/jI therefore in this ease appear to he a relic 
of an otherwise completely vanished former relief. SttJI le_xs f as has often 
been rashly concluded for similar eases in other parts of the world, does 
an it 11 level Jed fatdi line separate it from remnants of this other relief, 
lying at a higher altitude and still preserved. But its position h directly 
dependent only Upon the character of the sharp V -shaped valleys and of 
the rock. Its relative height h greater, the greater the inclination of the 
steep sb pes p with maximum gradient, which intersect at rhsii height* nnd 
—as A. Penck has explained—the greater the average distance betwen 
adjacent erosion a] furrows, Its absolute altitude, on the other hand, is 
subject to the general laws concerning absolute heights, which will not 
be i rested till a later section*** 

The Sierra dt Fiamhalu (Province of Catamarcs) is a range which has 
all the characteristic features of the oldfr tyfw of hroad fnld Ii enur* the 
Puna alwut latitude 27 S H| and its greater altitude, exceeding 5000 
metres (the Tolar* or "El Volcan'), i$ here. The granitic heights show 
surface forms with exceedingly gentle slopes which shelve down with 
convex curvature to the wide high-lying valleys which surround them. 
Tors arc superposed upon the ihutaah relief It is a case of the diminishing 
remains of a peneplanc which has replaced a more elevated landscape of 
unknown form and extent [t in fig. 20 b\. like what has been noticed on 
the dome-shaped mountains of the Kivhtetgebjrgc (p. 214], From the 
further developmental history it must be concluded that this, relic nf an 
end-pencplanc has developed from a piedmont flat. As for the rest, it 
has been already- completely replaced by an intermediate type of relief, 
the broad trough valleys of which are incised in it to m depth of about qco 
metre?. TW land forms (U in fig, 2c u; cf. Plate II, illustration 3) bear 
throughout the features nf waning development, It has but a slight ex¬ 
tension fit right angles to the strike of the mountains (and that mainly 
westward, not eastward); along the strike it forms an elongated /one 
which [rivxt to T) occupies the highest parts of the range. The xofie h 
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surrounded on alJ sides by a strip of country more deeply divided-up into 
rounded eminences their steeper talus-graded slopes have convex forms, 
and lead down tu high-lying valley? which are comparatively deeper and 
narrower. Near the laugher parts of the country they are often still quite 
narrow'; towards the periphery' they' have widened out showing alluvial 
flour* and concave fool-slopes* 3 *, It can he seen how warring develop¬ 
ment is beginning in penetrate from the outer part. This periphery is 
everywhere sharply delineated: there is a break of gradient the line of 
w hich, like rite contour lines, forms a re-entrant angle along the valleys— 
the longitudinal profile of which experiences a sudden interruption— 
and a project it lg angle along the ridge crest where it separates the system 
of gentler slopes above from the rugged rock slopes below {see Plate IV, 
illustration a). The rocky steep relief of the mountain sides and at the 
ends of the ranges reaches up l«j the break of gradient. This occurs at an 
altitude of about 3500 metres. 

The characteristics 0/ the relief ahovt the break arc, as has been men¬ 
tioned, those of waxing development. How ever, as the mantle of rock 
waste indicates, its slopes arc still far removed from the maximum 
gradient. This waxing development has been interrupted by the appear- 
smee of the break of gradient, i.e, bv the increase of erosional Intensity to 
the value ji which slopes of maximum inclination anise, first at the 
general base level of erosion, then spreading briskly upw ards. The relief 
type of convex slopes (III in fig. 20 B) forms a narrow strip on both side* 
of II along the downward slopes of the range; also for considerable 
distances it Covers the summit when, cm account of the gradual diminu¬ 
tion in height towards tire end of the range, II has disappeared in this 
direction (southwards). Below the peaks of tile mountain land [11, wide 
Haitish ridges and rounded summits spread out. Their heights are 
similar; and ax a rule they do not occur above the level at which the 
valley bottoms (not the peaks) of relief type II would be found bv re¬ 
constructing earlier conditions. The first mentioned of these features 
indicates that there can never have been higher, more steeply inclined 
country in place of the flattish dome-like heights -Haitiah forerunners of 
the steeper slopes below; the second makes it fairly certain that these 
heights are the last remnants of a piedmont flat, of which the valley-like 
protrusions into the older region appear in the wide vallcv bottoms of 
relief type II*« 

On other ranges of similar age these relationships ire still preserved 
intact, as for example on the broad anticline which lies in front of the 
Funa to the east, forming in those latitudes the eastern marginal range 
uf the whole mountain system {Acnnquija Kange- Cerrm dc los Ani¬ 
mas}. Starting from its western foot in the Calchaqui Valiev (see p. 2O1), 
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the break of gradient, its line running megularjy in and out, h to be 
found above the stone of steep relief (corresponding in fbral ui I V in the 
Sierra dr i-tamlial^ iig, 20 13 ) within which the eastward hading mar¬ 
ginal overthru&t outcrop** 11 , Above that h a deeply dissected medium 
relief which has convex slopes mantled with waste and concave fcj^-t - 
slopes (corresponding to our relief type 11!). A break qf gradient, 
scarcely less sharply developed t separates this form association from the 
relief of mountain heights above (alto muneto) corresponding in form to 
our type IL This extends alike over craggy granite (&ee Plate V, illustra¬ 
tion 2) and granitic gneiss, and over andesitic lavas and breccias which 
show no crags; while near the western edge of the broad mountain sum¬ 
mit it extends across a strike dislocation which in places brings the old 
granite on to the top of the young andesite. On the broad main water¬ 
shed, and between the rather wide and deep valleys of relief type tl, there 
arc now preserved extensive fragments of a pencpJane (corresponding to 
I) set with low tots. It continues far southwards, along the strike of the 
range, as far as the northern edge of a series of high peaks superimposed 
on it, extending over a length of many kilometres. These are elevated 
more than 500 metres above tile peneplain:, and end southwards in the 
Nevade Aeonquip (over 5300 metres). Comes are sunk in the line of 
slopes by which the scries of peaks sinks towards peneptaae I lying in 
front of them on the north. Ilcrc it is evident that this is a piedmont flat. 
On the east it is bounded almost at once by steep slopes rising preci¬ 
pitously from the depression, 

Thi? type of configuration recurs in all the ranges of earlier origin, 
even though the arrangement and division of the relief stages may vary 
in detail from one instance to another. It must he especially emphasised 
that the form associations which have been classified above into four 
well-marked main stages, appear, on more detailed investigation, to he 
susceptible throughput of further division and subdivision. However, 
leav ing aside that and other details, the broad folds of earlier origin have 
a fundamental morphological pattern which is quite usually given by 
the following arrangement of form association* from above downwards: 
fa) a peneplane which is preserved as mure or less extensive remnants, 
and in locally circumscribed places surrounds a central mountain land, 
occasionally reduced to small relic* (tors); (i) medium relief on all the 
slopes leading down from U\ (c) steep relief on the flanks and the 
plunging end* right down to the bottom of the ranges. These three main 
stages lire all elongated in the direction of the trend of the mountain 
ranges; at right angles to it, $0 far as they are present, they are limited to 
narrow strips. 

It must specially be noted: a central mountain I and, in the relationship 
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described above, occurs only on the oldest ranges and marks ihcs*i parts 
of the broad folda which were the first to appear. Hence it i& nipt with on 
by no means all the ranges’ and its original extent, as Well as that now 
found, b always far le&s Likin the present extension of the ranges. As j 
rule there is far-reaching dissection «F tMs central mouniainland, which 
is characterised throughout by form* of waning development, and has 
often broken down into insdberg*. At many places, however, its indi¬ 
vidual summits (which Arc [hen roufidcd in a broadly convex tRshionJ 
hear more or less extensive remnants of an older higher pene plane. Ex¬ 
amples are found on the Nevado Famaiina. over bow metres high, as 
well as on the t erra Pslea [5300 metres), an analogous elevation in die 
northern section of the Famfrtfna Hange; and apparently also on the 
Nevado Aeonquija. As far as is at present known, these arc die oldest 
form associations which occur on the broad folds of ihe region. 

The peneplane (relief type I) lias the character of a piedmont fiat, or 
[dsc] is the summit pcncplghe of ranges, or parts of ranges, of corre¬ 
spondingly later origin. Its nature has been shown to he that of a primary 
pcncplanc. (Cf. p a to and pp. 413-215,] It is very significant thar in every 
case so far investigated the medium relief (type ll-JU), occupying 
the slopes on both sides of the ranges, has suffered powerful and easily 
recognisable warping. A characteristic of it, which can have only one 
meaning, is what has been called the ‘upper gorge jjone': sharply 
incised, steep, crosKmal ravines, which are alien form* traversing 
the medium relief of the mountain fhnk which is otherwise smoothed 
and rounded: they arc- not outlines of the young steep relief (IVj but 
end high above that. Indeed they peter out on surfaces which mark 
a level of accumulation and belong both by age and mode of origin 
to the medium relief. These surfaced are thus, so to say, old bolson 
floors which are now raised high up, dragged up at the edges of the 
ranges, tilted, and often already worn down to terraces by the en¬ 
croachment front he low of steep relief (IV)*+*. 

That the upwurping, or more accurately doming, of the broad anti¬ 
clines above the neighbouring depressions persisted, throughout the 
sta^e during which the steep relief was developing, is shown by the con¬ 
vergence towards the mountain foot of even the Youngest of the terraces 
of Uplift. 

The succession of form associations, arranged from shove downwards, 
in the manner just mentioned, obviously Corresponds to a lime sequence*. 
the highest, uppermost, of them were also those to originate the earliest; 
the lower pficfe appeared later, one after another in the same sequence in 
which they are nowadays to be met, adjoining each other, from above 
dim awards. The form associations were therefore termed stages of relief; 
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thry are successive stages in the development of the older ranges, The 
characteristic feature of the general trend of development b increase in 
thr angle nf dope (ftfittizk relief- medium relief— strep relief). With the 
appearance "f ever sleeper slope unira and slope systems, convex breaks 
of gradient developed; and ihia ti3cant that the form associations which 
at any given moment lay above them, were separated from the genera! 
base level of erosion„ and were pushed into a course of waning develop¬ 
ment. Since then this type of development has dominated the course of 
denudation within these form associations, up to the present day. 
Naturally it has now gone furthest within that form association which 
has been longest subject u* its action, that is within the oldest and high¬ 
est! stage of relief: little more is preserved of the ilatmh relief which once 
covered the centra] mountain land. The surrounding piedmont surface 
(I) has continuously widened at its expense, and has broken tip the dis¬ 
trict rising above it into mselherga and ton*, either at its margin or all 
over it. Relief I! is already almost everywhere marked hy concave slopes 
and w ide valley troughs* these, however, still form a uniform set of con¬ 
nected valley courses, In relief type III the commencement of waning 
development is just noticeable, while it is entirely absent from the steep 
relief type IV. 

If one compares the earlier stages of development with the Uter ones, 
a further very characteristic circumstance comes to light. The central 
mounts in fa nd has been surrounded on all sides by the piedmont rial (I), 
especially extensive along the trend* of the ranges Thfa state of affairs 
betokens that the ranges of earlier origin originally increased their 
length find their phase a^ they grew in height. This is the stage which is 
stilt represented today in the Kierra de Uurdoba, which is as it were m a 
primitive state compared with the high ranges of the Puna edge, i unher* 
it can scarcely !>e doubted that relief type tjl fc in so far as it forms the 
summit of the ranges lengthw ise along their trend, has resulted from a 
more youthful lower piedmont Wat, So far. however, the same cannot be 
said with certainty of the very narrow strips of the same form association 
on. both flanks of the ranges, The initial forms of steep relief IV, which 
have been preserved in many places, are of the medium relief type with 
convex slopes (like M I) and not remnants of a peneplane- Thu*, if relief 
IN nn the fljnks of the ranges has arisen f mm 11 piedmont flat, this 
already covered approximately [hr same znne$ as the sleep relief IV 
occupies; and this sleep relief was sculptured out of is by wav of relief ML 
And finally: in front of the deeply dissected steep relief JV P along the 
mountain fooi T there arc alluvial cones but no young piedmont tints, 
except for such as belong, not to the growing broad anticline,, but to the 
adjacent broad sync tine moving into the region of denudation (Anatolian 
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type), Thm younger and lower piedmont flats cannot be detected on the 
Banks uf the earlier ranges; and thh h not only because the structure has 
been thoroughly dissected by erosion, hut because here, in the East 
phase# of development, the} 1 did not form at all. ft must hr particularly 
stressed that this fart has nothing tvhatetttr to do with the existence of longi¬ 
tudinal faults. The western edge of the Sierra de Fkmhala has no faults, 
and there is ju at as little indication of young piedmont flats there as on 
the edges of other ranges of simitar age. This is so, whether, like the east 
side of the Famatma Range sn its northern section, the) 1 lack that kind of 
longitudinal disturbance, or whether they have such faults, which then 
outcrop within the zone of steep relief (western margin of the Acunquija 
Range, eastern margin of the Famatma Range m it* southern section, 
etc,), or continue—or «ire presumed to do so—along the foot of the 
mountain range beneath the alluvial deposits of the neighbouring de¬ 
pression. Instead, the form associaiions present on the mountain flanks 
show the above-mentioned warping. This makes it perfectly certain that, 
during the later stages of their dnchpmmt, the earlier ranges increased at 
before in length and amplitude but mo longer increased in phase, fo- 
it cad, there occurs tear ping of she existing zones of denudation and of the 
form zones. This statement does not hold in its entirety for the more 
recent and must recqm ranges. T he arrangement of the zone of sleep 
convc a slopes and of the straight slopes of maximum inclination, on the 
ranges of the type of San Salvador, has been mentioned (p, ihj ( %_ 
zo, A a). It indicates the former existence of a piedmont flat (or of some 
ether form association equivalent in function) from which the zone of 
steep convex slopes must have arisen. The youngest piedmont flats are in 
fact often to In: observed at the edges of such ranges, as is excellently 
seen, for example, on the west side of the Salvador Range. The surface 
concerned is narrow, it lies in front of the mountain foot proper, and 
her re it is sharply incised by streams; thus it has already been uplifted 
and tilted. Hence the remaining fragments are in the form of terraces 
which plunge down beneath the alluvial deposits of the adjoining de¬ 
pression, and converge towards other lower members of the terraces due 
to uplift. It is not a matter of dissected alluvial fan& h but of rock surfaces. 
Also they are not connected with the mouth# of individual valleys but 
follow along the edge of range* concerned for some considerable dis¬ 
tance. If they arc cut into by stream# w hich flow along these range#, they 
then turn a steeply hroken-off face to the adjoining lowland Amongst 
other places this may he seen along the margin of the rugged rocky range 
of Carried, which together with several other secondary ranges, of a 
similarly low order of magnitude* forma a mountain bridge from the 
Sierra d Amhato (Cat ama real to the Sierra Velasco (La Rioja) r and so 
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doses in the Bo|$on of Andttgali □n the south, There occurs here not 
unly one such longitudinal tctra.ec* but several, one above the other, 
similar to what has also been noticed by 0, Sehmitdcr on the slope of 
the Sierra de Cordoba that goes down towards the depression of Xtmo J4> , 
CertainSy die Formation of these marginal or longitudinal terraces, as 
they may be called, is closely connected with river activity; hut in origin 
they are fundamentally different from valley terraces. The stream How¬ 
ing along the range lengthwise produces rhe terrace scarps, the marginal 
brows of the rocky surfaces, but not the terrace surfaces themselves* 
These arc, rather, results of the denudation effected by the waters Bow¬ 
ing from the range and so arc tributary to their respective paths [not to 
the main longitudinal streams]. They testify that the area of denudation 
has moved out from the former foot of the range towards the neighbour¬ 
ing region of deposition, that the range lias Increased in phase- Thev are 
piedmont flats, or. os the case may be, piedmont henthkiuls on a small 
scale. 

Comparing the two types of younger ranges leads to the recognition of 
an advanced stage of development in that which possess piedmont flats 
as contrasted with the youngest ranges w hich have no such surfaces and 
so have mi ytf begun to increase in phase, The drawing of attention to 
the 'not yet' is justified by the arrangement of form associations which h 
quite different in the younger chains from that in those w hich originated 
earlier and are flo longer in encasing in phase. These older range* show 
the form association of convex slopes abut * the mm of steep relief at the 
mountain foot; the younger ones show it below the steep relief, at the 
mountain font itself. These are deep-seated distinctions, which denote a 
quite different course of development in the two cases Jit . They touch 
the core of the probltm, which Inis now been illustrated from different 
aspects' tite way in which the ranges have grown, and the causes which 
have led to their growth. 

The similarity in the formation and arrangement of the form associa¬ 
tions on the various ranges proves similarity In development, but by no 
means indicates simultaneity in the starts of development which posses* 
the corresponding shapes. This is usually assumed for the penepknea on 
the tops of Lhe chains. T hey have been observed in all sort* of place* in 
the mountain girdles; they are very widely distributed in Central Asia, 
on the ranges of the mountain systems which form a broad belt roil rid 
the Tarim Basin* in the Pamirs, and mi on, in the most varied regions of 
the North and South American Cordilleras, and alsu in the western and 
soulh-weslem half of the vircum-Pacific system* of mountain chains. 
They were always considered to he uplifted ('upfaulted') fragments of a 
uniform cnd-pentp!ane p once connected over a wide extent, e.g, the 
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whole of Central Asia* which had its relatively depressed parts beneath 
the accumulations in the hollows, longitudinal depressions, and basins. 
This erroneous interpretation was obviously due to the firmly fixed 
notion which, um k h the basal assumption of the erosion cycle as ir is 
applied (uplift, thrn denudation). and which prevented (hr recognition an 
the ptneplantf vjfarm assaeifttiotu pfcuimr la the mamlirin ranges r/n which 
they ocatr. Whenever com In ted strata have Collected m [he broad syri- 
i. lines, and been preserved there--and it is only in arid regions that this 
issu; witness the Eastern Alps and Anatolia—the conditions at the edges 
and within these sync lines allow it to he established by direct observation 
that the peneplnnes on the summits ol" the ranges are not continued at 
the base of the deposits Lri the hollow*, and have no connection or rela¬ 
tionship at ail with similar peneplants on neighbouring chains, It can be 
seen at unce ihut the features m the hollow* are very varied, since these 
themselves differ in age, and naturally their a mien is have a fuller strati- 
graphical history the longer they have existed. Only typical arrange¬ 
ments are shown in fig, ii. In the region treated here, the correlated 
strata are continental formations throughout; in the adjoining Puna they 
are predominantly volcanic materia]* (lavas, agglomerates, tuffs and 
tufaceous sediments}* 15 . The sediments extend from Upper Cretaceous 
to the present day, but not all divisions are to be found in every depres- 
sion. '[ heir extraordinary thickness, up to more than 10 kilometres, 
shows ihai they have been deposited on a relatively staking basement* 
The fades development reveal* the *amc feature; each series h divided 
into a coarse chstic itumniain-loot facies and a sandy unc deposited at 
some distance from the mountain The first is a typical alluvial cone 
formation; amongst present alluvial deposits, the other finds its counter¬ 
part in the fine sandy bed* which compost the interior of the holsom* 
These extensive alluvial bottoms ('flatTcaF of the natives) are often as 
level as a parquet floor. 

The present distribution of the two faded, m conjunction with the 
attitude of the bedding H shows that in course of time the areas of sedi¬ 
mentation became narrowed and were divided up, This was because 
fresh ranges rose up one after the other, or eke the a bead v existing 
ranges grew longer in the direction of the strike and, as it were, grew into 
the /ones M what had been, till then, undisturbed sedimentation. The 
altitude and fades of the correlated layers form a sure means of dk- 
tinguiahing whether the ranges, or pan, of ranges, are older or younger 
in origin F The profiles arc the same os in Anatolia, but on m fur grander 
scale and affording a dearer view of the whole arrangement* 1 *, The on- 
conformities within the sequence of strata are sharply marked; tticv ex¬ 
tend in a regular manner along the margin of the range and pas* into a 
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concordant condition, Le. the bedding planes do so* towards the interior 
of tile bolsons. The 11 n conformities arc directly connected with ihe p<mt-- 
p lanes found on the ranges they form m immediate continuation of 
them and themselves have a <rraded appearance. Thus, the p&mplanes qJ 
the range summit* pass over into uncmfvrmit r>b with a petteplawted charac¬ 
ter t when they reach the edges of (hr adjoining broad synciiaes: and pais into 
stratipcatim plants at they approach the actual basins. This state uf affairs 
proves quite definitely first* that the penepbines concerned arc of the 
nature of primary’ pc Heptanes, and secondly, their geological age. f or 
the unconformities are no other than the covered in, and m preserved, 
forms of the forerunners of the pcriepiaues [now found] on the summits 
of the ranges. But it b possible that as far back the stage when there 
was still no denudation at ail and sedimentation was still undisturbed 
{concordant bedding}, these forerunners never had any other denuda¬ 
tional form than just a pencpUf^ in that ease those pcncplanes must in 
fact he the first primitive type of deiukhtional forms which cam t into 
being on the ranges jm?i ai they were beginning to appear. 'I hat is the 
essential character of a primary penepUmn 

I he peuepliuiL's on the ranged have been more or less uplifted, the 
process continuing to the present day; and because of this they have 
been a prey to destruction. The unconformities belonging to them have 
been arched up with thtmi and tilted, the more steeply the older they 
are; in their whole course they reflect in profile the anticlinal form of the 
ranges. These unconformities he at a lower stnitlgraphical level* the 
older the pcncplanes which correspond to them i he pcncplanes con¬ 
tinue as unconformities between the corresponding divisions of the cur* 
related strata. And it is tills fact* and this only, which show s the similarity 
in age of such pent-planes on tire various ranges of the mountain system. 

rig. 21 A illustrates this in more detail. It reproduces ihe condition* 
to be observed west nf the Sierra tfc Fizunbalu, omitting disturbing 
detath, such as local folding and uverfoklinu of the correlated *trata T 
ovcrthrusis developed here find there airing Hu eastern edge of the range, 
etc. At Lius latitude the profile cuts thru ugh four ranges, or portions of 
ranges, which have originated at different periods, "rise oldest member is 
the Sierra Je Fiambata, fur its rock types had already appeared in the 
Lower Tertian" Calcbaqui strain 347 , These latter surrounded the grow¬ 
ing mountains with .1 conglomeratic facies {c k) r Westward they pas^ 
into formations of fine sands which have their greatest development in 
the Sierra Narvaez, which at that time Itad nut vel .1 risen, and There they 
lie conformably above the Upper Cretaceous sandstones* 4 *, Thu lower 
surface of the Calchaijui t>eds, wherever it is accessible, is an almost 
level surface of denudation 3 ”. It cannot, however* now be decided with 
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twainty, whether any elements of the present mountain surface, and if 
so which, arc its equivalent, i.e. which result from the Lower Tertiary 
fami associations that were undoubtedly present mi the mountain heights 
and maintain the form type. The origin of the piedmont rbr (I), con¬ 
temporary with die dissection (equivalent to the commencement of the 
removal) of the central minmtamland. can bur correlated with the Lower 
Tertiary Calchaqui beds with a high degree of probability. Not only 
doc? the facies (dissection into valleys — conglomerate) support this, but 
in particular the fact that the Upper Cretaceous sandstones of hath east 
and west sides taper off here towards the Sierra de Fiambaii; so that 
esen before the Lower f crtiary, this range separated two areas of de* 
[Wsition, in the cast and in the west, from unc another. Tl)c fineness of 
grain of the Cretaceous sandstones indicates that tile relief was slight in 
the neighbouring area of denudation. One is therefore Jed to suppose 
that die central mountain land, which today has vanished except for tors, 
was covered by the Upper t ret actons peneplain; as its oldest, first form 
association (primary peneplaiie); that in the Lower Tertiary period this 
oldest wiiir of denudation was surrounded by a piedmont fiat and be¬ 
came itself a central mountain land subjected to dissection by vallevs; 
and that it was bene that more acti vely working erosion prepared material 
for the L'ulchnqui conglomerates, 

I he Under surface of the Lower Puna beds provides better informa¬ 
tion. It is a bedding plane [extending] from the Bolson of Ftambali to 
the area near the dunks of ihc hartiatina Range. Puna^tvrwfr, derivatives 
of the newly appearing Sierra Narvaez, lie conformably on the Lower 
1 ertiarv Lalchaqui sandstone: in the interior of the once wide depres¬ 
sion: Puna sambitm. formed at a distant from the mountains, is con- 
fofinable lo* ilic l-mver I tiniary Cafchaqtij cnn^bmeraie appearing 
below it. On Iwtli sides of this zone of conformity, the strata transgress 
over the disturbed basement with a sharply marked and well-Je veiled 
unconformity. This unconformity passes into the summit pencplane of 
I he Sierra \nrvacz; and on the bierru dc F iambs la passes into the hum¬ 
mocky level of relief HI ( - the valley level of relief ] I), a , can be directly 
followed from the considerable remains of strata left on the mountain 
(lank It is only in the region between the Calchaqui Mountains and the 
Famatina Range that the under surface of the Upper him beds can still 
he traced as a Iwdding plane: and here there loter arose one of the mosr 
recent antic tines. At the edge nf the Famfttma Range the coarse Upper 
™ na gravels are already encroaching upon [definite] relief; and their 
tuidcr surface cannot be distinguished there from the valley doors of the 
so-called | ligh Ftrrare, w liicli betting to the type of relief III [lie same 
surface has been completely graded on both Hanks of the newly risen 
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Cahihacjui .Mountain.'., and would h.ivt ln.cn a summit pcitcplone if that 
younger range had still borne tine. 

I hus the age relationships, to the firet approximation, are as follows : 
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= summit level 
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High remain 

Summit 
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Upper 
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IV 
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(badlands) 
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(Had lands) 

to 

Present 
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i his tnhlc simply shows the age differences of similar form associa¬ 
tions on the ranges which differ in age. It does KOi mean that the relief 
types tabulated are separated from each other by sharp boundaries as 
regards cither time or form. 

Art important feature of more gcnepij significance is the repgated 
alternation of facies, frum .. oarse to fine- and back ,iyuin, in one and the 
same vertical Section, c.g. in the Jtfsgimnla depression nr -it the eastern 
edge of the Cstcfcaqui Mountains (fig. j 1 A). A supcriieial judgment 
might see in this the sign* of a rejH-jtcd alu-nuilimi of uplift powerful 
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denudation {hence the conglomerates), and standstill—towering of the 
Ijind, penepbnation (fine-grained deposits). However, that is by no 
means the explanation. As is shown by the Composition of the strata, the 
overtapping facies have Jiffercni source regions, belonging to different 
ranges in differing states of development. /Vs each range first appears, 
predominantly ftnc-ymined derivatives are thrown into the adjacent 
areas of deposition; and then, as rime goes on, the coarse components 
increase. It can generally be seen that the coarse mountain-foot facies in 
the higher horizon* of such a complex of strata reaches out further and 
further into the region of sedimentation. The L'alchaqni beds behave in 
this way, starting from the associated range of the Sierra de FiambaM; 
the same holds for the Lower Fima beds, beginning from the ranges of 
similar agv enclosing them on both sides (Sierra de Fiambali, Sierra 
Narvaez); and the same is also true for the Upper Puna beds if their 
development is followed out from the two associated ranges (Calchaqui 
Mountains in the rust, Sierra Narvaez in the west). And it may further 
be observed that once a range lias started to provide coarse ingredient*, it 
continues doing this, right up to the present moment. Thus the sections 
through the Calchaqui Mountains' of today show, from the Lower Ter¬ 
tiary to the Upper Puna beds inclusive, nothing but coarse material 
derived from the Sierra de Fiambalii, there bring no doubt petrugraph- 
ically as to its source; and this facies continues to the present time as 
huge alluvial cones at tin: base of the Sierra. In the same way. from 
Lower Puna strata to the present day. only coam formations have been 
coming down from the Sierra Narvaez, and their development shows in 
increase in the coarse-grained components and in their extension into 
just those areas where previously there were only fine clastic beds of 
Lower Tertiary age it 1). By comparison with their spread, the facies 
region of fine-grained Lower Puna beds for) has not only been narrowed 
down considerably hut has been shift td, j,e, pushed eastwards closer to 
the Sierra de I intnhsiEn, and so has come into the area which previously, 
in the Lower Tertiary, still belonged completely to the region of die 
mountain-foot facies of the Calchaqui beds (r k) fCaJdaqui Mountains, 
% at A: Lower Futia sandstonep t s above Calchaqui conglomerate c k). 
Corresponding features are to be found in the upper division of the Funa 
beds. Their region of fine-grained facies [pa] lrn been contracted to a 
narrow strip within the depressions between the Calchaqui Mountains 
and the Sierra Narvaez; and it has. in jts tuns, lieen shifted with respect 
to the more widely extended p t s region, this time westward, to the 
position to which tilt inner part of live trough has been displaced bv the 
newly risen Calchaqui Mountains, Thu* it is there that the sandy Upper 
Puna beds occur over the conglomeratic lower division The 
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*ame is* true ot the Quaternary formations. They are fine-framed only on 
a narrow belt in the interior of she Bnfaon of iiamhata. the lowest part 
of the trough which stilt persists after the process of range formation, 
This fine-grained materia!, bordered on each side by coarsely clastic 
taEus cones P differing in w idth, occurs where only coarse Upper Pima 
gravels hud been previously bid down, 

Thu* in sutcessite prriWf there has been a horizontal displaeemrnt 0/ the 
fades regions. The foe in hid dmm at a distance from the mountains is re¬ 
stricted to that part of the trough which is latent at the time- and as fresh 
Chains arise ihix it nut only nttrrvtced <iown but also shifted to varying 
meridians* Conditions along the present watercourses show quite clearly 
how the sedimentation und its facies adapt themselves to thh* a *. ff & 
fresh range emerges from the ami of sedimentation, it means that the 
streams Hawing to the new lowest parts of the trough not only have the 
lengths of thdr courses altered, by elongation or shortening, but that in 
every case there is a lessening of gradient in the region of the developing 
syndinea. This forces the rivers to deposit thear load, no matter whether 
they are breaking through the younger rising chains as antecedents or 
not. The same thing happens as broad anticline*, already present, come 
up more strongly and with increasing rapidity, The sedimentation thug 
forcibly accomplished is essentially a damming up . It is particularly great 
where the streams have sulfered shortening, which wilt always happen if 
the lowest part of the trough is pushed nearer 10 an already existing 
range, The Waters then rid themselves of the coarse materia] and nat¬ 
urally dp this nearer the mountain foot than previously: and again it is 
only the line constituents which as a rule reach the lowest part of the 
neighbouring syndinc. The region of the coarsely elastic fades becomes 
narrower and to make up for [ hat it rapidly swells to a great thickness. 

The development and arrangement gf the fades in the correlated 
strata [i e. correlated with the denudation] include nothing which could 
itt any way be connected with a change in the altitudinal form of the 
ranges, with an alternation of uplift and standstill; and, as far as can be 
seen at present, other regions of broad folding do not seem to show con¬ 
formity to any different Laws [i.e, there has been continuous uplift ] L 
Rather, as climatic changes since Lower Tertiary times are out of the 
question in this case, there is only one conclusion 10 be drawn: each indi¬ 
vidual range, from the moment of first appearing until now* ha* been 
constantly increasing its relief, deepening its gradients, and thus be¬ 
coming place of constantly increasing eftvsiond intensity. In iunw- 
quence il has provided dvi rital materia! of which the liter of grain has 
always been increasing and never decreasing. This is true fur each broad 
anticline End is true for the totality of the range* making up the system. 
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The tinst [continuous increase in relief] follows from ihe way in which 
the lades development corresponds? in a Uw-ahiding manner to the 
stratification divisions correlated with the [rise of] individual ranges; the 
latter [increasing coarseness of fades] follows from the general diminu¬ 
tion in si’/e T equally conformable to law, of the region where the fades 
indicates distance from rlie mountains, ami the proportionately growing 
extension and thickening of the mountain-font facies, 

Somewhat different conditions are offered by the ranges which, iditi- 
ing the Sierra dc Fiamhald on rhe en, extend into the Fima (type of 
fig + zt B). On their summits extensive remains of a peneptane mav slid 
hr recognised in places, and iis down warped portions arc also occasion* 
Lilly stiU visible as broad surfaces on the mountain flanks (west side of the 
Sierra del Cajon), Aa a rule, however* it has already been replaced here 
by a medium relief with convex slopes (type 111); adjoining this* on the 
lower shk\ there i$ often, hL$t uni always, a zone of steep relief. The 
pcneplane passe* over small scattered remnants of Upper Cretaceous 
sandstone and over Cnldmpii conj^omcrates, which are locally very 
thick, and *u it is obviously later in origin than the Lower Tertiary. On 
the other hand, judging from observations which 1 was able to make in 
the longitudinal depressions of San Fernando. Lampacilb, and in the 
Cajon** 4 * it seems to continue to the base of the Puna bed?, only the 
upper division of which has been found in the above-mentioned 
troughs. From ri tectonic point of view, the bordering ranges belong to a 
system of later affiliation which, as far as observation goes, appeared 
alxmt ihc beginning of the Upper Tertiary between the very much older 
S terras of Fiarnbaia and Aconquija - CetTOs dc I os Animus, So far this is 
true only of those parts of the ranges which extend southwards from the 
Puna into the lowlands of the Pam peart Sierras: and at present it cannot 
be said also of the northern sections of the ranges which continue far nut 
into the Puna, 

The type of configuration is fundamentally the same as that of the 
older ranees. The summit pcneplanc is of the sung kind, though obvi¬ 
ously of more recent origin (corresponding in lime to the under surface 
of pn in the Calchaqui Mountains}, And furthermore it seems, as has 
been remarked, tu belong to a surface formerly continuous over ,i larger 
urea, which has been arched op on the ranges and bent down in the 
depressions Whether thia actually happened cannot, however, he af¬ 
firmed with certainty w hikt more exact observations are still lacking, tn 
any case, in ihe continuation uf the range* that are already within the 
■mulhem Puna (district of Laguna Blanca—Laguna Grande}, it cun be 
seen that the nunmjl peneplant is mi identical with the basal surface of 
the deposit in the troughs, which there consist of volcanic material, but 
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that it passes across them (fig. i j This fact shows ihni, rhntigh the 

summit pc ne plane hus origins ted from the upwrped or rising fragment 
of a surface, once more extensive, and graded on a grandiose scale* yet it 
essentially represents a younger creation characteristic of the rising range* 

With tlus we come to the ttmthern Puna de Atacama. It is divided up 
by north-south ranges and depressions—here separate basins of internal 
drainuge^ust in the same way as the adjoining region of she Pampean 
sierras. So far m \& fcnmvn. the ranges have been built up without fault¬ 
ing. The pronounced dislocation* and overthmsta which accompany the 
eastern edge of die afore-mentioned affiliated *ystatic have also vanished 
with entrance into the high land. The ranges are simple anticlines, the 
depression# syndines, and the superimposed vulcanic muterial repro¬ 
duces this type of folding on a targe scale, with exceptional clarity, 1 lerc f 
too p the ranges have originated ac very different periods. Their futnlii- 
mental morphological feature is the almost exclusive dominance of Aai- 
tish and medium relief forms. The following points may be briefly 
emphasised: 

The ranges {mentioned above 3 m the region of the Laguna Grande are 
of more youthful origin, anti the summit pcnepbne ii preserved. On the 
slope down to the neighbouring depressions this is replaced by a medium 
relief with markedly convex slojurs. which towards the mountain font 
makes way for a form association just as deeply divided* with concave 
slopes rising to a similar degree of steeprtess 1 * 3 . Thus from the surfaces 
nf accumulation in the basins up to thi* level, waning development 
makes ttsdf much more noticeable* and in many cases has already deter- 
mined the character of the ranges from foot to summit 1,1 *. That is not. 
however, the lowest and youngest form association. Thk appears a* 
steep slopes, convex or of maximum inclination, along tho*c water* 
courses—few in number, it h true—which are equal To dealing with the 
enormous amount of rode waste* These slopes begin ai the edge of what 
has accumulated in the basins; with increasing altitude they penetrate 
the sharpb' V-shaped valleys; and they often hound the ruhbly or rocky' 
flat flfiors of the trough valleys with sharply convex breaks of gradient 111 . 
They indicate that the prevalence of teeming development on the lower parts 
of the flanks of the ranges, especially along the multilobate margin of the 
aconmthtion in the basins, is not due to my lack of altitudinal differences 
capable of causing erosion and increasing its intensity, Hut here, in mid- 
desert —it is caused by long continued lack of water which flows only ^ra¬ 
tionally and which is necessary for the u ark of erosion, VclLially ie iaonly at 
the higher position? un the ranges, or on their deeper slopes, that a 
factor of transport tends to coutUcrhalance the intensive formation of 
detritus ami line development of huge streams of ruck waste along the 
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Vidlcy furrows; There. I his factor does seem. .11 least to some extent, to 
he cqoa] to the task; and this occurs not only as an exception, the ease 
with the rare streams of constantly flowing wwer at the edges of the 
basins. 

The cltaracterLstic mark of the ranges of more youthful origin (see 
Plate XI) is that the summit pcneplane extends away over a lower dis¬ 
turbed stage of the volcanic accumulation, which must on die whole lie 
equivalent to the Lower Puna beds or a part of them, The flat, however, 
is by no means always preserved, ant! perhaps in some eases never 
existed. The latter case seems m be true for, amongst other?, the low 
ranges in the vicinity of the Salt Lake of Painqtte, These extend from 
the northern edge of the Unison of Piamlwtli towards the soaring to- 
rain mass of the Nevados de la Laguna Nlanca, over 6000 metres in 
height, and one of the older Puna ranges {set below), They art of very 
recent origin and are completely broken up into a itcep mountain land 
(mu ot maximum gradient, however) with concave forms almost through¬ 
out (see Hg. 21 C3 and the fig. 3 quoted in note 3^4). In other cases, 
on the younger ranges which arc already without the summit pencplafte, 
J“ L ■ L ^ at Itiiisi Mattered humps of convex 

rounding which stand conspicuously above the otherwise concave motm- 
tatn landscape as uniformly accordant heights {see Plate XI, illustration 
2. and pan 24, plate 3> illustration 1 of (italogiicht CharaktfthUdir)', or 
else the ranges throughout their whole extent show the convex forms of 
flatus}) domes 011 the summits, formi absolutely similar to relief type III 
of the Pampcan sierras. (fig. 21 L z )* J< On the whole, steepness of 
dope and valley depth increase from above downwards* with these 
f eatures again becoming gentler ami shallower at the mountain foot itself. 
Should waning development be already established there, then as one 
goes upwards frnm the lower hills, one passes through stones which, at of 
near the interval Icy divides, are characterised by quite considerable 
steepness, the slopes being steeper than any present in the summit 
region of those ranges which ore cut through by valleys. Thus in major 
features as well as. in details I here is tile game trend of development as in 
tnc l ampean sierras; increase of gradient as time goes on, taking place 
from shove downwards. In if,e Pima, what corresponds in develop¬ 
mental stage 10 the steep relief here, is tile form association (generally, it 
is true, for lew steep), that is found on the lower parts of the flanks of’the 
range*. Even though this is not at its maximum gradient and is modified 
m various ways hy the waning development, it very often leave* an 
tmprtaum j,I -tcep relief. I his is always the case on the rangvs grtulrr 
,ulton. whether they are mure recent or older in origin. Other things 
,nn. materia ) cing equal, the declivities here art actually greater, and 
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raore like those of a steep relief ParaHdine this, then: is mine vigorous 
growth in an up slope direction: and so this form amiitioQ now and 
again directly adjoins, with a sharp break of gradient, the summit pene¬ 
plain: or the medium relief arising from it on the mountain height slt . 

In the southern Puna, just as in the pampean sierras, the older ranges 
are characterised by greater height and breadth, by a greater number of 
denudation levels, U of form associations arising one after another and 
preserved side by side, as well as by -tu aiuJugous arrange merit of these 
along the strike and on the flanks h>T the ranges, lull not by oilier types 
of land form as in' the ease of the later developed broad folds. The 
Xevadot Jr la Laguna Rlattta, an elongated mountainous upswinging 
with the samf trend as the Sierra dc l‘iamb:ilJ, Jil1 (see plate XIL illustra¬ 
tion i) t belong (o that older type. Even, from a great wav off the range i . 
striking on account of the broad dome-like shapes which form its summit 
region and appear there as if built up one above another (%, 31 I), p. 
275). I hey are otentivc pcntplane levels, nut blurred by any specially 
advanced dissection into valleys, and separated front each other by 
extraordinarily distinct zones of convex slopes. These cause the domes 
of the high parts of the mountains. 

A central itumntamland, shifted eastward and northward, can lie dis¬ 
tinguished. bearing broad patches of a flatfish relief (very probably 11 
primary pcneplaiic): 1 in fig.i C and D, p. 375. li is -uirraiindcd on all 
sides by an excellently preserved piedmont flat (El) particularly exten¬ 
sive along the trend of the mountains. Vulkys w itli convex slopes cut 
into it. and in them are to be found the last extensions of that andesitic 
formation which, sway from 1 be slid range, Jay over the wide-spreading 
pent plane that was warped by broad folding in the neighbourhood of the 
Laguna Grande (III in fig, If C and D, and see p. 281), The relationship 
between the lower surface of the andesitic form a liun and the range, is 
excellently exposed At its eastern side and near its plunging north end. 
At both places it can Ik- plainly seen that lit is 3 lower piedmont fiat 
which continues in valley-like form into the higher region and, together 
with its vallev-likt cuminuatiuiu, was overwhelmed hv the andesitic 
flows. This surface, which is pitmuiably of Middle Tertiary, possibly of 
Miocene, age (i.e, the period of its origin up to iht lime when it was 
covered by andesite, see p. 281). was flexed together with the overlying 
beds, as already noted, into ranges and troughs of more recent origin 
(see Piute XI, illustration 1). Naturally, if is soon the flanks of the older 
ranges as well: and here surface II is also flexed, anticlinully racked It 
had, furthermore, a very considerable relief, preserved at its margin in 
the valleys which at one time were Cutting hack to this position from 
surface lit; and of course the floors of these valleys themselves (Ill 0 
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art included in the bending. They are relatively very steep, unbroken in 
their course arid deeply dissected by the modern sharply V-shaped 
valleys which run nut over the andesite country at the edge of the range, 
where they intersect the 111 t valleys, 

brtut inrerest is attached to the transformation undergone by the 
brow, sht vm?r edge of the zmr of convex slopes , between IE and III, in 
consequence of the bending. First of all p atm tg the st rike of the range, i.«. 
towards its sinking ends, the fitting, in so far as it can \k ended such at 
dl p is very mdgnfficut Thu* the scarp between II and III has here 
retained its con tin u mi sly convex curvature and relatively slight incline 
li«n p in spite of its subsequent nccession s the amount of which can prob- 
ably be determined (flg. Zi D). Mile Hanks of the ranges show quite a 
different effect. Here the bending (i.e. arching up) always reaches its 
greatest value, and leads to those unmistakable features which are de¬ 
pen dem upon increase in steepness of all the gradients, and the conse¬ 
quent speeding up of all denudational processes within the arntis uf 
warping. On the eastern flank of die Nevada dc h Laguna Blanca, the 
convex slupers in question have vanished and have been replaced by 
steeper slope* which upwards job surface LI with a sharp break of 
gradient, and on the lower side pas* down with a concave slope towards 
the piedmont lint W or. as the case may he, into the valleys incised Ut it; 
k*r this surface can only just he detected and has already been dissected 
inio a low hummocky landscape. I he steep slopes (VI in fig, 21 C ij 
occur in a long row facing the Laguna Blanca basin* right dong the 
direction ol strike of the warped zone, a diireiiun which coincides with 
ihai of the trend of the mountain itself. I his, the smoothness uf the 
slopes and the sharp line of demarcation both towards surface M and 
towards the slopes uf the old 111 i valleys leading into the mountain roasa, 
have produced magnificent facetted spurs (see Plate XI I. illustration 2 ), 
which are quite as fine as those which in North America have been taken 
as ihc type hir this feature and objectively portrayed [as such]. Bur there 
i& no fault or fault *earp anywhere here, as can easily hr seen freui- the 
andesitic formation which is excellently exposed in the vatic vs pen*> 
tiniiiiiinto she massif. 

A piedmont flat (IV j has already been mentioned as the next lower 
te%cl; it occupies the same position as the summit poicpUnt on the 
younger ranges, he. like thin, it extends over the (older) andcaitk forput 
non and iza substratum. Below the^Cp on the younger ranges, there 
fallow convex or concave slope systems, belonging to ihe lower valley 
levels as far down as die m^t recent ones. They still await further 
breaking down. 

Thus the ranges of older origin in the sou them Puna also show us a 
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picture which does not differ ftindarotmlally from that of the broad folds 
! ^ lc ^ ani pcai» derras of the jjme or similar ape, except that they arc 
much less faulted, that (heir relative height is less, and tluit 1 he angle of 
slope is always slighter, But, apart from that, the form association* of 
different age arc found here also, 10 he arranged nest to one another in 
their Resequence from above downwards. As before, they form nurmv. 
strips on the flank?; hue, on the summits, they are considerably elongated 
in the direction in which die mountains stretch out. More particularly 
their Growth and the direction in which they develop, are the same I fp 
to rhe present, no piedmont flats of very recent origin have been nh- 
sen-cd in the Puna. 1 here is, however, often a sort of petering mu of the 
relief towards the lowest part of the basins containing alluvial deposits. 

I hesc deposits seem to be intercalated between the relief features 
framing the basin, and at rimes encroach far into them, drowning tin- 
valleys and overwhelming the crests of the projecting spurs. This relief 
Itself, belonging to the youngest stage of development, diminishes grad¬ 
ually towards the edge of the basin. Not only in its relative height, hm 
also in the inclination of ns slopes, it lessens to practical!! nothing and so 
very readily allows itself to lie covered over bv the debits which are 
collect mg at the bottom of the subsiding basin. 

(?) General Survey 

At first glance the ranges examined in the foregoing sections appear so 
diverse as to be hardly comparable: hut on closer examination ihcv have 
revealed agreement in fundamental features. It has turned out that all 
belonged to uniform systems of mountain chains which were character¬ 
ised by corresponding divisions inn, ranges and longitudinal depressions 
ami. taken u a whole, represented elongated darnings of 1 he earth’s crust. 
In them all, their altitudinal modelling showed development in the same 
direction: on all, the form systems (slope units) and form association* 
were so arranged that the Hurtest were found above, the steepest hcW 
and each form assocnuion showed a great extension along the strike nf the 
mountains, whilst at right ancles it was less, the minimum extent occur¬ 
ring there. Finally, all ihc ranges of the same system were found to he 
separated from one another by depression* parallel to the strike- and 
these were, or arc, to a greater or less extent, regions of deposition for enr- 
related sirata.’ ft is true that there are great qmntitahve differences in 
these, not only between various systems of ranges, bul also between 
individual part* of .me and the same system. This la* point shows ihat 
there ta no fundamental distinctive difference in Lhe process of depusi- 
tmn of the correlate beds as between broad folds belonging to different 

l* See Glossary). 
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^ones. Further, grant differences e*ist Iti the degree uf fail I ling and in the 
degree of dissection by valleys, These differences also are difference in 
amount and noi m type. 

The degree of tectonic dislocation is registered by the presence or 
absence of faults and overthruats, especially at the edge of the ranges, 
and in the type of disturbance found in the correlated strata; simple syn¬ 
clinal bedding, or folding in the depressions. In respect of folding, the 
Eastern Alps, for example, lake a prominent place; and it may be pre- 
autried ihnr there is a very intimate connection between the causes that 
produced the folded structure of the Alps and the broad folding which 
brought about the present altitudinal modelling of the mountains, and 
was responsible for ihc way in which the troughs were invaded by the 
correlated strata and their compression there, J have frequently stressed 
the fact that in former gcosynrfinal regions and similar Zones of sedi¬ 
mentation, from which the fold-lines of the Mesozoic -Tertiary orogeny 
were able to take their rise, there must have been a genetic connection 
between folding of the strata and broad folding; as indeed follows from 
the partial coincidence in time uf the two processes. I low it happened m 
still quite obscure. Perhaps a way to the solution of the problem has been 
prepared by obwirvaliiin of the in ct that several nappes of the central 
Western Alps and apparently also the north-western parts of the Eastern 
Alps, have resulted from simple arching, ■ge-smtidines 1 . Similarly, the 
Aconcagua nappe in the Andes scenes to have been originally a broad 
anticline; and it it certain that at the edge of the southern Puna the more 
recent ranges have acquired a type of bedding which can only be termed 
imbricate structure, Here one h already far outside the late Mesozoic- 
Tertiary fold-lines of the High Cordilleras; nor is later folding of the 
>trau absent Sometimes it has happened to the Permo-Triassic Gond- 
wanj scries, sometimes to the Upper Cretaceous-Tertiary correlated 
beds [Lc. correlated with the denudation], hut in bulk cases it apparently 
took place only where the c&mphx of strata had a considerable thickness. In 
the ‘Gakhaqtii Mountains' the Tertiary beds, up to and including the 
Lower Puns strata are folded, and are overfolded towards the east, The 
primary' peneplane surface passes over the pile of folds and indicates that 
the formation of the ranges began with the folding of the strata* The 
same had been established for the east and soul_h-west sides of the Sierra 
Narvaez:; but [there] the folding of the strata, which includes the Gond- 
wana beds and the Galchaqui beds superposed on them in a pseudo- 
rancor dmt fitahiim, is older: and across the folds there passes the summit 
pencphnic ( — the basal surface of the older Puna strata) which, too* is 
older [than in ihe Cafdiaqili Mountains]. 

Thus here al&u the folding of the sirata and the broad folding an? 
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closely connected. Where then is a suitable substructure. tfir (munifolding 
he F m «** eomprnriutt of this, ami outlasts tht compression. Consequently 
it ia by no means possible lo consider tile folding of currehtcd strata 
within one and the same system of ranges as a process which set in 
simultaneously throughout the whole region and, as a special phase of 
mountain building, entirely preceded the broad folding. Rather, it be, 
catnc noticeable at different times in different places, like the first rising 
of the broad anticlines. Further, the case has been established—both in 
north-west Argentina and in Anatolia — of ranges which, after they had 
existed for a very long time, undcrwcnl further development, charac¬ 
terised by increased upward movement. It has been shown that then the 
correlated strata at their edges, though up to that time unfolded, have 
nevertheless become ought up in the folding. Increase of crustal move¬ 
ment lias played the chief part in this; though very likely ,t may have 
been helped by the complex of strata achieving a suitable position in 
relation to the rising range, such as might be brought about, tor ex¬ 
ample, by the development of overthrust faults. For it is a fact well 
worthy of noic that the folding of the correlated strata did not become 
important cither everywhere at the same time Or generally in every- part 
of the system of ranges. Nor is it doing so nowadays, in any case the 
features mentioned make one thing quite clear: broad folds are the work of 
tangentially directed forces, and this relates the process to true folding. This 
further essential point must rum be added in distinct contrast to the anas 
of continental uplift . say, of the type of the. Cetman Highlands; broad folds 
in all it ages of ilsrir development gran.' psedtmmantiy in length and height ■ 
and, j.-j time advanced stages, practically cease altogether to gran in width. 
Unlike the continental doming*, the piedmont Hats are not here widened 
m all directions, bolh along ihe Strike and at right angles to it; but it 
holds as a general rule that the later the origin of the piedmont flats and 
the lower their position, the narrower (down to vanishing point) are 
their appearances tm die flanks of the ranges and the more exclusively Jn 
they spread out lengthwise in the summit regions. 

Dissection into valleys makes it in many cases difficult and often im¬ 
possible to find evidence for peneplanes and piedmont flats. From our 
present state of knowledge it may be assumed that such flemish form 
associations were always present on ranges „f curb origin. Recently 
formed ranges, on the other hand, stem quite often never to have tad 
them on their summits. Wherever a relatively late origin could be proved 
for them, these ranges showed complelc dissection and breaking up as 
compared with older members of the same system. Steep forms an d 
intermediate forms are regionally c tar-act eristic of them. And U j* „ n | v 
under certain vurtdilinns and in certain zones -for instance those where 
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in con«qu«nos of interior dr^irvuge (Pima) or rapid relative subsidence 
(Vivas' in Anatolia). drainage ami deposits m Jammed up m die broad 
troughs that the characteristics of waxing development are partially 
effaced in the region of the youngest and lowest sections of those stages 
[if relief development- In rhe Basin Ranges and in the Mexican chains, 
there are perfect parallels to each of the various forms that are to be met 
with in the ranges of more recent origin. 'These tatter arc different only 
in their state of development at the moment, noi (a& has been shown) in 
the mmntr of their development nor in its direction. Davis considered 
them, in &o far as they are characterised by intermediate forms, to he the 
remnants of ranges (that h f tilted blocks), which are approaching pent- 
ptarnation, after the extinction of the crustal movement** 0 . However, 
they possess throughout, or at any rate on thu- intetvdJey divides, the 
forms of waxing development. We can hardly go wrong if wt consider 
them to be broad folds of rather recent origin. 

Quite surprising agreement is shown when the younger ranges m the 
southern Puna are compared with the lower ranges of Tibet {relatively 
lower). These are Likewise dissected into rounded forms of medium 
relief, and shrouded in rubble as described and photographed by S«n 
v. Hedin and A. Tafcl 1 * 1 . In just the same way the older ranges of the 
southern Pima arc connected, by similarity to modelling, with the high 
ranges of Tibet, Flatfish form as^od at tons characterise the smooth broad 
heights of these also; Sven v, Hedin designate^ for example, the tup of 
tile Karakoram as a plateau. Pent planes obviously *till extend over a 
wide area of the mountain amnmits, or else are replaced by intermediate 
form associations These latter show the same change from convex inter- 
valley divides to concave foot-slopes and the same arrangement of the 
two types of form on the central summit port ions of the chains and in 
the peripherally lying zone respectively, just as in the high ranges of the 
Famptati sierra* or the southern Puna. Besides tliis n central mountain- 
lands ris** from several ranges, and quite put in the shade anything that 
the southern Pima fins to show in this respect; as they du also in that of 
extent, of relative and absolute height, and especially in the sculpturing. 
In many cases they are still gUder-cbd, and were su to a greater extent 
in the early Quaternary: steep slope* border the boldly aspiring knife- 
edges and pyramidal peaka of these central mountain lands 3 *-. 'This* 
however, cannot hide the fad that in both cases it is a matter of features 
w hich arc fundamentally similar. 

At the eastern edge uf the Tibetan highland abysmally deep valleys 
open up unexpected!* 1 , dissecting the system oE ranges that livings round 
t> k the ^uitb-eaSL The convex forms of waxing devdopmcxit stand out 
particularly sharply, ami on ranges winch ore becoming more and more 
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rsvinttf, especially in Hie region of the longitudinal depressions where 
inaccessible steeply V-shaped valleys itre sunk into thdr doors, Here 
broad fkttish ridges lie high above the gorges and on both sides there 
rise up the Hanks of ranges which, eastwards, arc being increasingly dis¬ 
sected into intermediate and steep forms. Thus zones of *harp edges and 
of longitudinal Valleys, which, exhibit the same land forms as occur in the 
Eastern Alps, develop from the ranges and depressions. But for one 
thing the dimearions here are rnurmotLdy greater; and then the form 
a^jaciations have not been blurred by glacial overprinting, hut are pi 
served with their connect ions intact 35 * 3 , 

According in these observation ?►, for which we luive to thank A, Tafd p 
the sUUth-eastcm margin of Tibet is not directly comparable with the 
southern margin of the Puna, For in Tibet it is not, a* at the edge of the 
Puna, the floors of the depressions which lie at a lower absolute idriuidc 
than in the interior of the Highland, but the floors of the incised valleys. 
The fact of this dissection is certainly, in part though not entirely, due to 
climatic conditions,, since the whole of eastern Tibet is drained to the 
ocean by the Salwen, Mekong and Yangtze* But at all events the influ¬ 
ence of climate in stamping m mark upuii the outward form of broad 
fold systems must, in any case, he rated very highly. It h to he seen on 
ranges of similar age and in an otherwise simitar state of development jn 
a moist climate they .ire naturally more completei> dissected than in an 
arid region. It is to be expected that, other things being equal* the last 
stage of relief should under moist conditions love been more completely 
established at the expense of us predecessors than where there is aridity. 
'This partly accounts For the tra information of East Alpine ranges into 
/ones of sharp ridges and for the absence of this breaking up m p for 
example, the equally closely ranged northern PamfJeari sierras. Hut only 
partly so. Fur it must lie pointed out that where the Eastern Alps are 
becoming lower—and especially toward* the eastern edge of the moun¬ 
tains—older, flatter, precursor form associations are preserved, to an 
increasing degree, on the heights. But the younger steep relief of the 
lower lying pans, which by no means owes its origin to the work of 
glacial modification, is equally developed in the east and in the west. 
Here is a problem the roots of which do not he m any climatic conditions. 

The same problem, in an altered form p is found on comparing the 
longitudinal depressions, it is undoubtedly because of Lhe climate, which 
has kmc been arid, that the high-lying basins of the southern Pun.* have 
been regions of interior drainage, and so of deposition, since Tertiary 
times (presumably I^owcr Tertiary), The similarly high-lying depres¬ 
sions on the eastern margin of Tibet are analogous to the longitudinal 
valley zones of the Intern Alp* in being deeply dissected, und >0 do not 
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function as areas of deposition. Yet w hether accumulation does or does 
not Lake place in the lungitudinul depressions does not depend only upon 
climatic conditions, nor only upon whether the drainage is interior or to 
the sea. Reference may again he made to the Eastern Alps, within the 
longitudinal depressions of which correlated strata put in an appearance 
eastwards in the same direction as the general fall in height of the moun¬ 
tains. These strata do not rest Upon an ideal trough bottom, but they art 
embedded in a [definite] relief, in valleys which have been sunk in the 
hypothetical bottom of a trough (a sort of hypothetical ‘tectonic upper 
surface’). In the broad synclines of Anatolia, lying at a low absolute 
altitude, the later and youngest correlated strata mantle a [definite] 
relief. And the influence of climate does seem to show itself in this case; 
processes of denudation become effect i vein low-lying basins if the streams 
draining them are given cause for erosion: on the other hand, they arc 
unt effective in the equally low-lying broad synclines of an arid region 
where there is no outflow. In the latter case, therefore, the correlated 
strata rest upon the relatively subsiding floor of the trough, and in each 
individual section this is formed by the upper surface of the next older 
bed in the complex of strata (conformable bedding, no relief features). 
Thus it is evident that the varying degree of dissection possessed by 
systems of ranges, anticlines and synclines, cannot depend upon climatic 
differences alone; essentially it is to he traced to this additional circuit)- 
slance that the causes leading to erosion hath were and are present !t> a 
different extent in the t orients systems of ranges and in their individual 
parts. 

This brings into a clearer light some of the features that have been 
noticed within the Audine system. Some of the bolsons in north-west 
Argentina, like that of Fiambsld, tile Cakhaqui Valley, etc., are not areas 
of interior drainage and undoubtedly never have been such; the streams 
draining them are very old, as is indicated by the antecedent manner in 
which they break through to the lower-lying plain. Notwithstanding, the 
strata are built up in the way that would be expected in basins of interior 
drainage, that is. there are—as has been described above—no gaps [in 
the succession]. This shows that in the part of the basin lowest at the 
time, there was never any cause for erosive incision, but always only such 
conditions as led to accumulation. In this there are to he seen rather 
fundamental differences as compared with the development of the Ana¬ 
tolian type of broad sync lint, which hns been found to be characterised 
by repeated alternation of scouring out and filling in. Going northwards, 
the depressions of the Puna are today found at high altitudes. They have 
interior drainage. But where the Bolivian Highland enters the moistcr 
region to the north, there the basins lying at no lower altitude, arc deeply 
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dissected by the tributaries of the Amazon (‘Imcr-Andjnc Highland' of 
Peru and Ecuador), and the conditions prevailing are like those at the 
south-eastern margin of Tibet. The valley incisions expose immense 
I hicknesses of ft liy futile and lacustrine deposits* mixed with volcanic 
derivatives of Tertiary age. From what has hcen said, it is absolutely 
dear that it is not any climatic change, in the sense of increased volume 
of water, which has been able to effect the dissection of the Highland, 
hut causes for erosive incision have set in at places where formerly tlw 
streams had found conditions suitable only for accumulation. The de¬ 
pressions and systems of depressions of the present intcr-Aitdine high¬ 
land must in earlier times have lain 3t a leaser height above sea level than 
now, Finally, in the Columbian-Venezuelan region, with its virgation of 
ranges, there again takes place—in the humid tropical province—a 
change to conditions which are analogous to those in the district of the 
semi-and Pampcan sierras: the mountains, taken as a whole, arc lower: 
the depressions again lie at a smaller height above sea level: and today, 
as in l eriiiiry times, they are still, over a wide extent, areas of accumula¬ 
tion . 1 he tectonic differentiation into higher and lower-lying parts is 
again great, and longitudinal faults have been established. The highland 
with its deeply-dissected trough regions has vanished. 

Not only is broad folding at work in the system of mountain chains, 
dividing up the crustal surface into ranges and depressions, and causing 
growth of the former as contrasted with the latter, but obviously there 
are yet other processes which interfere with it. 

Similar phenomena recur at various places within the world's moun¬ 
tain belts. Some features of agreement have already been pointed out. 
In particular, it has been shown that there are very- close parallels with 
the ranges of earlier Origin as they have been found in Anatolia and in 
the Andes. Their configuration has attracted a great deal of attention 
since, as they hear pc nr planes or gentle intermediate forms on ih f j r 
heights, they possess graded crest lines that often appear almost kvcl. 
This not only forms a contrast to the steeper forms on the slopes, but 
departs completely from the customary picture of the Alpine rea of 
peaks. Only a few features can be briefly cited; and nnJv the mode of 
formation, the type and the arrangement of the form associations ob¬ 
served, can I* considered. For in general far too little is known about the 
relationships with the correlated deposit* and their treatment, like that 
ot the whole question of geological dating, is obviously influenced by the 
conception that the peOeplanra detected must he end-peneplains, Tim 
idea, as already noted, ha* also become a decisive factor in the inter¬ 
pretation of the tectonics ('Fault Work Mountains’). No further refer- 
diet will be made to it. 
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Pent-planes Of intermediate ftinrift derived from them, extend over 
the summit? of the dominating ranges, of the North American mnunnun 
system. I Tic slopes facing the neighbouring depressions are steeply fur- 
rowed, Asymmetrical arrangement and development of the steep relief 
similar to that of the Sierra dc Cordoba and the other Pampean sierras, 
is prominent in the Wasatch Mountains and afao in the Sierra Nevada 51 *, 
In this latter case, individual elevations, obviously remnants of a centra! 
mountain]and, rise above a piedmont surface that h still preserved as 
fragTiienEs fsiibsunmiit plateau 1 of A* Knopf), dissected by broad valley 
Troughs, This ia a medium relief undergoing waning development, and 
it joins rhe >N:ep relief of the mountain dank in a sharp break of grad** 
ient. t\ Macbafscbek has emphasised the complete morphological corre¬ 
spondence between these mountains and the ranges of Central Asia 
{Tien Shan} 5 **. Similar configuration, and the same arrangement of 
form associations characterise also the broader arch of the Cascade 
Mountains where powerful Pleistocene glaciation has nui obliterated the 
levels e&EaliUsbed in pre-glacial times -remnants of a central mountain- 
land, an extensive piedmont flat, itiirrmcdktc forms showing waning 
development, steep forms in the most recent valley incisions. B. Willis 
has portrayed them on maps which dearly reflect the far-reaching break¬ 
ing up of the preceding Stages i<n . 'The number of analogous examples 
might easily be increased ls V They all show that the North American 
ranges have had exactly the same trend of development as the broad 
folds of the Andes. The same applies, to the Central Asiatic systems of 
ranges* where German and North American investigations liave pro¬ 
vided fairly detailed information about the configuration uF the Pamirs, 
the Tien Slum, and adjoining regions 71 HH , Extensive penepknes* which 
have been found at (he must varied levels Until on the tops of range*— 
where they often inreriuckcd in the manner characteristic of piedmont 
Mlep 9 —and at the foot of the mountains, vvere* in short, considered as 
fragments of a single gigantic end-peneplane, which was supposed to 
have extended over the whole of Central Asia, to have been dtslocated bv 
faults. in very recent limes, and thus to have come 10 lie at various 
levels^* Arid if is only over the geological age of the surface and of its 
dislocation that there are divergent opinions: the Americans consider 
the hypothetical surface to be bte Tertiary, the Germans MettHOiC, 
What is actually established. however, k the occurrence of peneplanes 
on many ranges, but not lhai they arc of the same age: the Mcp-likc 
repetition uf such surfaces on seven!I of the higher ranges hut not ihc 
throw of the faulting which was considered to have produced the steps 
(since there was apparently tm other way of explaining their presence); 
further, the presence of high ranges which especially in the central 
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mountainous parts are, as ii were, wpcrimposcd upon the lev*;! of the 
surrounding pentphme£ f bul arc nol of the horst nature occasion,illy 
suggested for what are obviously central mottntoiidflnds; and finally, die 
development of a comparatively very young piedmont flat, the low est 
level at the edge ui several uf the mountain systems — but by no means, 
9B is claimed. the identity of this with the penephnes on the summits of 
the chains. Undoubtedly there are here structures nf the most varied 
origin and quite different periods of formation, entirely different denu¬ 
dation levels which have been put together on account of the liunui- 
gefteity of their form dements, Such a result indeed follows from the 
unconformities wirhin the correlated Gobi strata (Tertiary in the main) 
which Kcidel and Grfber investigated* and from the way in which the 
lower conglomerates of the same series encroach in the western Tkn 
Shan upon a relief dissected into valleys (IMachalschekl 
The Gobi *edi merits, which item to go back as far as the uppermost 
Cretaceous period, are in their turn lying uticonformably upuii folded 
Mesozoic continental formations (Angara bed«). bur nos everywhere. 
Kddd found them occurring conformably between the southern margin 
of the Tien Shan and tht northern edge of the Kashgar Mountains. 

Gruber thought he could confirm this observation^ but was* however, 
doubtful about it. Nevertheless, to nil appearance this is in fact the 
transition from the unconformity to a bedding plane, similar to that ob¬ 
served within tht correlated strata at tlic southern edge of the Pima. 

Hie pcnepljji.es 0!- the Tien Khan ranges are considered to be equivalent 
to that late Mesozoic ujieonfortuity. Thus die character of a primary 
pent plane may be considered as established for surface^ w here this con¬ 
dition obtains. Hut it is not certain whether these are the oldest form 
association* originating in the Tien Shan. For it is not certain whether 
the Angara beds, w hich are nowadays absent from extensive section* of 
the mountains, formerly cuvetvd the urea completely* or whether, as 
Keidel presumed, they never existed there, 'Thus it is possible that they 
also were correlated, even at that time, with processes of denudation 
which* over the area of die present mountains, must have created form 
associations of a relatively early origin, Such an assumption need not be 
entirely rejected in the case of the very old form associations- -already. it 
appears completely removed — belonging to the flatter configuration out 
of which the central mountaiiiUnd* of the highest parts of the massif 
must hawr been can ed. In the central “l ien Shan these form high moun¬ 
tain ranges* strongly glaciated, which are Ah it were superimposed upon 
the system of ranges (first level). Relics of the fringing piedmont flat are 
preserved. 'They he approximately at the height of the summit pcnepkme 
of the neighbouring ranges, which have been described HS a high plateau 
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devoid of peaks. If confirmation is found chat the relationships conjeo 
t|ired do actually occur here, then the central range might be claimed as 
me element. to which the neighbouring ranges were added bier 

he piedmont Hat of the central range would be the summit penepbnc 
id the later rangesj; and it might well be that its origin was determined 
by the unconformity at the base of die Gobi sediments (second level). 

I lie same arrangement stem* to he repeated yet once mure but at a 
lower level: Mow the highest of these summit peneplanes there appear 
p la nations which extend as wide strips along the longitudinal depressions 
and encroach valley wise into the parts of the ranges rising above then,. 
V\ lulst the ranges become still more altered into elongated central 
mountamlandss like those of the central range, but far tower, the strips 
widen into piedmont Hats; and it appears that in the outer parts of the 
mountains they form summit penephincs, which mav perhaps pass over 
into one of the planes uf unconformity mtkut the Gobi strata (third 
lei el J. \Ve are merely, with every reservation, hinting at such relations 
as possible. It may be taken as certain that, in the Tien Shan, peneplanes 
are present at Yimous levels and with the interlocking effect characteris¬ 
tic of piedmont flats. Further, there is agreement upon this, that in all 
the ranges where there are flat summits, the pcncpJanes are broken up, 
beginning l mm their edges, into intermediate forms: and, on the flanks, 
steep forma pas* down to tire longitudinal depressions. 

These latter are. for the most part, dissected by valley’s (zones of 
longitudinal valleys). Dm algo, in the interior of the mountains, basin 
deposits appear the wide, deep depressions (Ferghana, Xaryn, Hi, 

J ekes, and so on). It follows from the distribution uf the mountain-foot 
facies, and of what is associated with deposition far away from the 
mountains, that the deposits were laid down on a sinking substratum, in 
syndics 1 he beds are probably of various ages. They are generally 
considered to be Tertiary (belonging to the Gobi sediments). As at the 
mountain edge ( Unm Busin), so also in the in ter mom basins (Ferghana 
111. Nary n), they are disturbed, e.g. they are steep!v dragged and folded 
at the edges of the chains; in the Nuiyn Basin they are ait acre** bv a 
low-lying pen ephne—into which the valley system has been sunk— 
obviously in the same manner as in the broad syticltncs of Anatolia. 

J he type of disturbance found in the correlated Tertiary deposits is 
not only deformation at the edge of the mountain arch, or of the adjoin¬ 
ing ranges as the case may be, bnt /aiding. which like the deformation 
becomes farmer with distance from the mountain*. 'The localisation of 
dns folding ls dependent upon the distribution of material capable of 
fold)ng: folding of strain could occur in connection tcilh raw formation 
only W here such sediments were present over some considerable extent 
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and in 1 uirahU position t nth relation to Hk° rising chains (in the iurerinr of 
the western Tien Sharif the Tertiary is said not to hr folded). It indicates 
wluat is an essential feature of the processes of movement, namely the 
participation of fangirntial forces. The strike fault* become Qi>erthrus 1 s l7i . 
especially at the edges of the system of ranges [ Tarim, Ferghana) but 
also apparemly in several of its longitudinal depressions, and this points 
in the same direction. The correspondence with the ranges at the south¬ 
ern edge of the Puna seems to be far-reaching from the tectonic aspect 
also. In fact, F r Grober has recognised anti stressed the broad fold nature 
of the system of ranges; lie was able tn show observational proof for the 
stand he had taken in opposition to the erroneous view, held up till then, 
of the importance of longitudinal faults in the Structure of the moun¬ 
tains 371 . 

Reference has yet to he made to observations which throw light upon 
the growlh of the whole mountain system (as apart from individual 
ninges). The general growth in height is indicated not by the increase in 
amplitude of the individual chain*, but—just as in Lhc And me system — 
by the dissection of the longitudinal depressions which luve become ele¬ 
vated to a great height; by the general increase in coarseness of grain in 
the Gobi scries from below' Upwards, Keidel having followed this out 
along the southern border of ihc mo uni a ins; and by the great absolute 
altitude to which Lower Eocene marine strata have been uplifted in the 
western 'Hen Shan (up to 4000 metres), TSie zones of folded correlated 
strata now fit on to this at the western and southern marginal regions of 
the mountains, and in parts form independent ranges, Lcuchs noticed 
the same thing in the wide zone of sedimentation which in earlier times 
divided the Tien Shan proper from the Djumganan Ala Tau of the 
present day. The mountain system link* fresh ranges to itself and pushes its 
periphery outwards. The same thing has been observed along the eastern 
margin of the Andes of north-west Argentina, and seems tn he true for 
the eastern border of the system of ranges far into Bolivia. Their furs her 
growth in a direction transverse to ihdr strike. and so a grow th in breadth, 
is shawm by the appearance on their outer sides of wide piedmont flats 
of very recent origin, often still but slightly dissected. Rum pel ly found 
such surfaces at the edge of the Tarim Basin where incising streams had 
laid hare more strongly disturbed correlated beds beneath formations of 
Quatemajy alluvial cones. Granfl 17 * describes a magnificent example of 
this kind at the edge of the Russian Altai, The cvcnly-Cut surface, rising 
gently towards the mountains is extremely well graded; it tops folded 
Palaeozoic sediments and schistose [? or slutyj rocks and rests against 
the flanks of the system oT ranges as. well as its end. where it dies away to 
the west-north-went. 
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Titus list- phenomenon of growth in width is not isolated, it turns tip 
again on lhe outer side of rnoimiaifis of Alpine structure, in an appar¬ 
ently altered form a# the addition of fresh folded dements and imbricated 
slices, Kundainciitally, however, it is the same thing, and probably the 
differences art mninly those of rock nttttfifik, Where there is no con* 
siderahlc thickness of sttalifitd deposits, this addition brings into the 
field of vision both the old substructure itself and the manner of its 
disturbance, t ram the areas of sedimentation, on the other hand, the 
strata of the immense superstructure emerge first; and it is the disturbed 
conditions there which become visible, not those; of the basement It 
cannot without further investigation, and certainly not invariably, be 
taken for granted that the substructure remains down below unmoved* 
that its stratified cover alone rises and is brought up only by folding* 
since in the centra! belts of the fold mniinrains that old basement is up¬ 
lifted with it. Here, too* the recur it additions have the configuration of 
ranges and depressions which, as at the eastern margin of the Andes of 
North Argentina or in Lower Albania 31 S coincide with anticlines and 
syndincs; or else, as in the Dalmatian coastal scone nr on the outer side 
of the western Taurus, are whole fasces of folds and imbrications col¬ 
lected together into ranges. 

Growth in u idlb is paralleled by growth in height. And it seems as if a 
general feature in the development of systems of ranges is here revealed; 
taken m a tuiwhy rr ris in the most advanced phmts of development* they in- 
rremr nut vn(\ in amplitude but oka in phase. Obviously r therefore, the 
system vj tanges at a whu/e behave differently from she individual ranges of 
which they mr mode up. 

The AIt.ii system of ranges, mentioned above, is in a state of far ad¬ 
vanced dissection and breaking tip, which in it- turn raises the problem 
of tiic growth in altitude of the w hole system. Many features are reminis¬ 
cent of the conditions in the east of the Tibetan Highland, but they are 
fat better known in the Altai, thanks to Grand's work there Various 
levels c»f denudation stand out with great clarity, and in some cases it can 
be proved that thev have developed from peri r planes, Under the influ¬ 
ence of the concept that those surfaces are of the nature of end-pene- 
plane?-, and of their mode of origin according tu lKc cycle theory. Grand 
considers them to be the faulted fragment:* of the Central AsiaUe Tenc* 
plain which have been displaced with relation to one another along fault 
lines That have hud is course of extraordinary complexity, and are 
merely presumed to he fault*, t.el in* con aider the feature* wi excellently 
observed by the Furnish investigator. 

Above the aforesaid! piedmont flat at the mountain ed^e. there rises as 
the next level 3 medium relief. This shows convex shapes with their 
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summits at a uni form height, increasing on the whole from the periphery 
towards the interior of the [nountiuns. (hi various summits there are 
more or less extensive relics of Ebitisli form associations. They indicate 
□ former peneplain: which, according to GranS's map. bordered tint 
mountains and their north-western extremity in jus! the same Way as the 
peripheral piedmont Hat of very recent origin still docs, but it extended 
between the ranges into the longitudinal depressions. Men: it seems to 
have been of the same type as the wide peneplantS in the Anatolian 
broad sync lines. It is, however, deeply dissected and disintegrated into 
•Highlands’ (zones of longitudinal valleys). A third level, which is ohvi- 
, m,d v characteristic of the ranges but not of the longitudinal depressions, 
has even si [lie presenL day still preserved — to a large extent - -its Haltish 
form associations. Leading up from the main valleys to these peneplane 
remnants arc form association* that arc steep below„ and of intermediate 
type above, Their summit altitudes rise rapidly, their slopes become 
Hatter, the depth of their valleys l«com»correspondingly less. Through¬ 
out, the typical signs of waxing development dominate 1T ". On various 
ranges, in the direction of their strike, extensive mountatnland* rise 
above the pefltplines. These have form* of medium relief, into which 
steep glacial forms have afterwards been cut (’montague alpine'); anti 
often they have already broken up mto separate mountains of mountain 
groups, Thu convex round mg of she summits is worth noting; over wide 
areas limy maintain an accordant height averaging 3000 metres. Actually 
wider fragments of Hamah furtu associations art repeatedly to be found 
here. 'They point to the existence of a fourth peneplane level, above 
which there rise on some of the ranges, that obviously originated very 
long ago. individual mountains uf over 4000 metres. These are remnants 
of central mountainlands of early origin, which are siill extensively de¬ 
veloped in the central mountainous part & of the region fringing Mon¬ 
golia {Tohunbtjgdu. Kotuntau), and there are bordered by peneplain* of 
the fourth level forming piedmont flats. Further to the south, according 
to Grano, this surface seems to function as a summit peneplane. 

This whole arrangement is very characteristic, not however of a uni¬ 
form surface fragmented by faults, but of a uniformly growing system of 
mountain chains. The central range, with the highest level broken up 
into a central mountain land, appears as the oldest fragment, 1 he pied¬ 
mont surface here is the summit peneplane on that part of the range 
which is becoming lower tow ards the termination (prolongation) of the 
mountains, as well as on neighbouring ranges added later to the system. 
It undergoes progressive breaking up in the direction of the gntcrat 
dopes of the mountains down towards the west and north, and changes 
into a lotett central mountainland (finally into insclhcrgs), which is in its 
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turn bordered by a lower piedmont flat. And this again appears as a 
summit pcneplanc on the still lower dropping prolongation of the more 
recently * ! dded ranges. 1 he configuration of the indiv idual ranges is cn- 
ttrefy of tire kind found on the older ranges That have so far been investi¬ 
gates. The distinction lies in conditions found m the depressions, which 
are deeply dissected just as in the zone of longitudinal valleys in the Alps. 
Bui looking at the mountain system as a tohoU —without regard to the fact 
that the pane planes belong genetically to the individual ranges—and so 
considering the position of the form associations in relation to the whole 
mountain mass, there stands out with extreme sharpness the resemblance 
to the piedmont bench lands of the continental rones of uplift: what has 
been found there aa dose iruerdigiunion of step-like levels arising one 
above another and one after the other, is repealed here as additions 
following on one after the other. 

f he sum Kind of these observations leaves no doubt as to the broad 
fold nature of the Altai chains. It may here be mentioned that Grant) 
brings forward yet further facts when he describes die marginal warping 
of the fragments nf the peneplanes that have been preserved and wheh he 
gives closer attention to the zones of longitudinal valleys. In some of 
them extensive accumulation is at present taking place. The rivers leave 
the wide alluvial floors-along the edges of which, at anv rate in parts, 
fault lines may possibly occur—in very much narrower erosion-valleys, 
further, narrow \-shaped valleys are tributary to them. Thus there 
exists a contrast between the wide zone of excavation within which the 
streams collect waste and are sometimes dammed up to form swamps, 
wuf the incision of the same streams outside the zones of longitudinal 
valleys. Features of the same kind, but showing perhaps even stronger 
contrasts, are found in the ovas of Anatolia, md they indicate subsi¬ 
dence of the zones of longitudinal valleys (or broad nyndines, as the case 
may Ire) with reference to the ranges surrounding them, and conse- 
quently damming back id thc&c zones. 

There are but few important points of comparison tu be found in the 
Western half of the Pacific framework- Molengraaf assumes ‘basin ranee 
structure' for the ranges of the Sunda Winds*** The anticlinal nature 
of the ranges was deduced from the development and arrangement of 
the reefs surrounding the coral-fringed series of islands, in the same way 
“? °* WanX|er had previously demonstrated the synclinal nature of the 
hmnr depressions- But morphological investigations are still lacking, 
hrom some repmts about raised peneplanca, it may I* presumed that mi 
ilw whole ihe same sort of forms arc to be found in cast and south-east 
Asia also’ -. In the mountains of New Guinea, which have quite 
recently been recognises! as a system of ranges, Major H. Detzner 
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(famous for his daring expeditions) met with extensive plateau land- 
scapes above the precipitously slashed Batik* of ranges which for the 
most part already meet in sharp knife-edges. Hb dear description easily 
permits the recognition uf intermediate forms of waning development. 

It has not been pfi&sible here 10 give more than a hint as to some of the 
features present within the mountain belts cif the world, so far as they 
are at present known. "flic far-reaching agreement in configuration of 
the ranges stands out dearly Geological proofs that the systems of 
ranges are all systems of broad folds is indeed still w anting, though there 
docs not appear 10 be very much room left for doubt about iL The 
similarity of l he configuration, which lias been definitely shown, proves 
at least this one thing: the complete similarity in development of the 
ranges, and system* of rangep, for all cases dial have been closely 
examined; whether these are systems of broad folds that have been 
recognised a* such, or systems of ranges where the tectonic character 
still needs elucidation. What really rustlers, and what has been repeatedly 
brought out in this work, is the uniformiiy of the setting of |he problem. 
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Bkktncciw and modem costal k ilucta4ition& of sea-kvcl from tropical com! 
ki-Uu-U and atolls, us well ua fmm feccnl and sub -recent raised beaches. Even 
if these fluctuation* arc eonfimicd, it U dear dial, compared with ernsml 
movensents, they ore *null m amount and so of slight murphn logical impor* 
lance, at least as regards the main diaracicr* found on the face of the planet, 
though not necessarily for the development of individual features. (R. A f 
LJaly, 1'ht glacial-control theory of coral reefs. /Vac. Amn. -had Arts $cL t 

vvv* L1, No ' 4 ’ Pj ' 57 ' Als ° 1 9 , 9 i. Xtvm. p- j] 6 ; AftS-d., - 19 m! 

\VM, p- 303 and ciaewhere. A general sink.tig of sea-level ill re«nt tbit. 
JFVw, tint,tin. Aead. Set,. 1920, V! f No, 5, p. 246 and mu> LV 1 I No 

672, p, i|6j. 


works 10. i 2 , iftand 17 liwttMj otipp, J52-353, 
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(4) W. M. Davis, The gcugniplma] cycle, G\J^ iflgq, XIV, p. 4S1; also 
C. R. 7 Long* itrt, G£og. A Berlin 1899, II, p. 22 t. P. W. JoiJNaON ha* edited a 
fldtrtmfi of the anting* of this American scholar under the Title of GVo- 

Eiuiyi (Ginn & LV>., 1909) The cnllrctinn d«>e* not contain that 
article of Da vtfl which is of special met hodolog^cal importance: The fiystematte 
descripimn uf land forms. GJ r + 1909, XXXIV, z, p, 300. A Full German 
presentation of Iris dietary k contained in We erMktendt Backrribung rfer 
iMndfontten (BL G r Teubner, Leipzig 1912), ami a shorter one in G Braun's 
edition of Days* 1 Phymal Geography fiftqS) (Gntndxuge dtr Ph vs topographic 
//, Mwpkohgir, 2* AuCl + Leipzig 1915). etc. 

(5) Sec particularly G 7 JL 1909, XXXI V, 2, p . 300. 

( 6 ) /V/>c. .imr, /lifor. >fite. Srfi,* i3&|smd C ft. Cbitf. r>ji. CVi^., 1904 , pp. 
> 53 - 154 - 

( 7 ) See mnongsi other writing of W. M 1 >avi,s: 'The Tri.tssrc formation of 
i onncct icut ■ U.S.g&rt. Sarr. -jptjj, ftep. f t N. 

(S) See also W. Penck, Op, 17. 

{9) Ser the writings of S. Pa&'An^f (Physiolugirclic Morphologic. Mittrii. 
grfrgr, Gnflhfh. Hamburg t 1912 H XXVf, p. 133 and GrttrtJlu^en dtr Land - 
ithtifnkimdr 111. Hamburg 1920} and A, J Jfttnfb (Die CHfciflMeJunf&rm&t dr* 
Frsdmdt*, B, G. Teubfier, Leipzig 1921* die repetition in a comprehensive 
manner, with addition^ of articles which had appeared earlier in the G.Z.)> 
Passable makes the most Far- reaching use of deductions without always basing 
himadf upon adequate observations (see review by H, Wacnfr in /Ml,. 1913, 
p. 176). A. JIettnfr, on the other hand, iaaji outspoken opponent of the method 
of deduction, 

(10) The first critical investigation of the 'cndogcnctic* assumption which 
is made in the tmsion cycle theory, as iisuatly undemnod, was published hy 
A. Plnck (Die Gipfelftur der Afpen, StfzimgibrT. Prcuit. Akait. HYrrmirA., 
muth.-phyt. KL f XVI 1 , p. 256. Berlin 1919J. Dbwmitioits reaching hack to cm 
earlier date were made by die author in the Argentinian Andr*; and these 
supplied hi format ton which showed that assumption to be un [enable (VY» 
Punch, Op, 16), 

(11) Bit (Jhtrjladimf ft rma 1 dt* Ft&flandes. [oc. cit. [note g|, p, 215. 

(12) Sec W althe m Penck, Morphnlo^iischc Analyst l erhundL XX. drut- 
schtr Geovraph&iiagt Ldpilg 1921, p. 122. 

ill) See IValthe* Pesc il Op, i6 t p. 3% 

(14) The very frequently occurring cases of fault* which are later on made 
visible hy denudation are nnl to be classed as unit veiled fault scarps, for the 
processes of denudation have encountered rocks which differed in resistance 
no them o sides. This is not being discussed here. 

(15) C ft, Gmg< ittt Gfogi Wmhingum, 1904, pp. 153-154; G. J*, ifiqg, p. 7 
of the uff-print; ErM&nmdw ftei tkmbtmgdtr iMndfarm?n v ]oc> cit. [ntue 4], pp, 
14k 147, 173. etc, 

(| 6 ) Sec amongst other writings that of H, SamrmtCCNER in hu disserta¬ 
tion on Die ObrrJItkhfn^tsfahtwg der ntirdlidtfn Sditiarzvraldr *, p, 59 (Karls¬ 
ruhe 1913b 
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(ly) It well knmin ihit i^icntific physics has tusittj only since the in¬ 
vention of the differentia) calculus. H is only since man has learned how to 
follow the course uf natural occurrence* nintinmiusly that there has been any 
success in the attempts made to express in abstract terms the connection be¬ 
tween (variousJ phenomena/ Preface to Rtf,M ann’s lectures on DiefnirtieHm 
DiffttrattiaigteuJunigen det matheHtatiseken i'kynk <5. Aufi., Braunschweig 

1910), 

{18) Priority belongs in W, M. Davis who, m connection with studies on 
tite Great Plains of Montana, east of tile Rocky Mountains, oipnundcd the 
principle of penepUmiifori in 1&86 (Tenth Cemutof U.S. , vnl. XV, Statistics 
ofcital mining), A. Pilstk, Cher Denudation der tirdoberfiache. Sthriftm zut 
I'erirtiiwig natttrmUBtieha/tlieher Kenntmsst, XXVI I, Wien tS8f> 87* 

(19) For die earliest investigations in tliia direction see A, Penck, Die 
Gipn-itiur dcr Alpen, Joe, cir. (note 10}, and Wai.thxr Penck. Op, (6, 

iao) A short presentation of die connection between these is to be found in 
Walthkk Prsck, Op. 17, 

(aij I he tettn structure , defined and used in a perfectly clear and itn- 
ambiguoti* sense geologically, its Identical with ’internal build*, liaa not been 
used so unequivocally in morphological literature. W r M. Davis understands 
by it not only ihe condition of the bedding, l.uii also the original altitude and 
the original surface, purely formal constructions created in order to deduce 
the cycle of erosion and to serve as its starting point I /hr etkliirtmit Brtckra- 
bvtig der Ltmdffirmen, p. 143, Uiprig 191 ah But otherwise Davis separates the 
static dement (structure) from the dynamic ones (crusial movement, uplift) 
quite in the manner of tile physico-gtofogicul mauling, thus departing far less 
than A. Hen nf-k from the conception ,i» found in modem gentogy. HrrrxBR 
inctl to combine causes and ctlccts, both the dynamic and the static pheno¬ 
mena, in his idea of "interna) built!’, and even attended it to vulcankm (tXr 
Oherjmmfm^nfi Ffztlttitdtj. p. 137, ^7-198, Uip/ig 1921), 

If 2 ) 1 he of tins development, and iu nature, as well M their extra- 
oidirury complex ity, prove an insurmountable obstacle in the way of accept- 
inp A. VV FfiEMitt’s simple wlutkm of the whole senes of problem* hi Ida idea of 
(.untineutaJ Drill (A. WfioeNEB, Die Entstehnng dcr Kontmcntc und Orcanc. 
J,r VoL DXVI, *, Aufi., Braunschweig 1920}, Sec the discussion 

on Y\ egener s theory ui rim AXLE., no 3-4, jyjt, an d \\aether Penck, Zur 
ilypotbw der Ktintinenudvcrsdiiebuiig. ifud.. p, 130). 

, TlicstabJe regions which, on account of their lack «{ MawaticTertun 
folding, differ tumJamcnfally from the mountain belts, show no *™ intend 
cominimus crustal movement, except in special individual of'dismrb- 
ance, e g. that of the Km Valley of East and Central Africa Tim mm be 
k-amt from the comparative rarity of earthquakes, which nidW that crustal 
dispkeenum n taking place, By fan he greater number ui these occurs within 
or very do*, to the mountain belts It .s similar for vulcanic phenomena a 
very large uuyunty of the a,live anti extinct volcanoes am to 1* found in for 
mountain beluv It is only there that gigantic batholifo* and bundled* of 
smailer minis,oiu uf age have been discovered. There are mam times 
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ihrtS nunilier of intrusive bodies nnt yet found, but indicated by volcanoes 
*i mulct! mbtux therm Thu dominant magma b ibtcraiedUti! in nature, atidesi- 
liCi It b of the Pacific type, rich in calcium, although inclusion* of Atlantic 
magma, rich in alkalis, ire not entirely absent 1 hese are generally more 
recent than the Pacific evtruaioiis, Hid appear as Ulc sporadic intruders, The 
continental masses and the oceans show prrdominiinUv mWUrtonota, but 
slightin' differentiated basaltic extrusion^ having in cxtnonbnaiy extent 
(northern Eurasia. Deccan, PitagtwiU, And in between them* Atlantic 
rucks, rich in alkali s, play a considerable pan. The geological arrangement on 
a grand *cale is: mountain; belt -—predominantly Pacific magmas; stable regions 
—in the main not Pacific magmsa, but a predominance of typical Atlantic 
rocks; ind ibis h as little affected by the increasing ntimber of mixed regions 
like SardmU and of transitional casts, os by the increasing number of those 
whn want to assume dint there is a closer connection between Atlantic and 
PocUic nuigmns than was previously admitted, or who believe it possible to 
derive the one magma from the other, or both from a common stock (see F. v. 
Wolff, Ocr PuBupmmtis, Smrtgan 1903 — M. Stark, PetragraphiBche Pm- 
vinzen, Foitsckr. M'm. t IV, p. 251, jena I9 T 4*—H- S, Washington, J.G tt 
19*4. XXII, p, 742. A.J.S., 19x3, XXXVI, p* 577; 1915. XXXIX. p* 513. 

P. Niggli, Die Icichtfiuehtigen BcstandteiJe im Magma. PirastcJdr.jMont/mk. 
GetcUirhefc XLVII b Leipzig r^o. ZM*GJP„ 1920, no. ft, 12. p. t6t — 
H. A. Dal v t igneous rvcki and their vrigtn> New York, igi^ T XXV 1, 

no. 2* P* 97.—Walthlr Pfmlk, Die EntJtchung der Gchirgc dcr Erde. 
Deutsche ifemr, September-Ofctober 1921). 

(24J Set A, Penck** detailed description of the carth*s altitudinal form in 
Mcrphvlvgk dtr Erdobcrjkktu', BA l chaps. Ill and IV. Stuttgart 1894- Abo 
M r G roll's Tfcftnkarten derGzczrtc ( l r r tiff nut. Imtr Metres* r.. N.F. P Kcihc 
A, Heft a s Berlin 191 nZG.E., no, 2, Berlin rgii} and H. Hs*n®V Erglnzung 
(Z.G.JbL 1920, p. 261), 

(25) P» Grodeh, Eatrattgralrj del Dogger, I Id. XV III, *tr. 11 . Direccivn 
get. wtW Ur minm % esc., Buenos Aires 1918. BiaceweldBR calls that Jurassic 
period of folding in the Pacific belt the “Nevadian' (J.G., 19^ XX 1 I S pp, 
^33 Hr) —l\ SriLtfe, Die mitteldcutsdu EahmenAdtung, Xud&stidu. gtuL 
Verent, rgro. III* p. 226, /ur Kennmb der DutfuJationcm Schiditen- 
abtragungen und Trsmsgreaiiodcn im jungsten Jura unJ in Jcr Kreule West- 
faleiih. Jtikrbi pTfiisi. ^w/. P l i0 3 ‘ BartLInGj 

ZJ).G\G. t 1920, Abb, LXXII. Heft 3-4, p, ■6i l especially pp. 165 ff.— W, 
Haacx, ZMG.G,, 192*, LXXEIL Monatsbcr. no, +-J. p, yQ.—O. Burre. 
7 -dtr, /vreinjr, gtoi. Landrmn.it r , 191 i* XXXII. p. See also the Fiihrcr zu 
den Eykii nunnen der Deutschen Geologisehfin Gesellscbafi, August 1914'* 
Nitdtrtdths. gcol. Vcrew, Hanover 1914, PP- 89 . especially p. 123.-O. v. 

Li^stOW. Jufah* prruss. ge&L handtsansL w XXXLX. I tit II1 Neft i w Berlin 
1918, See a bo the Prussian Geological Spezmikunen s : 25,000, r.g. Sheet 
Kldncnberg (Gradabt. 5^ sht^et i8|. 

(rf) WiU^llNC^Pp. 

{27J .\moncst 01 hers who do liiir arc v. ScHULTt on the Ftnur ( ■ J khundL 
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ktsmlnav. Kttloninlmt., 1916, XXXIli, fteihc Cl—the morphologicalfinding*, 
however, leave scarcely any doubt as to tin:re being typical bmad folding in 
■ltd Pamir-and A. Pim.ipreos in Ada Minor (Rcison uml Fo radmn gcn im 
»«nfcchcn Kleinaskn. /*, V/. Erg„-H. 167. 17a. 177, 1X0. 183. 1910-19(5). In 
ihi» laitci case, the gap in the observationi fuu. in the meantime been partly 
tilled in by the author, and quite a number of assumptions about faults, which 
nil then remained unaubsuantijifd, hive thus been corrected {Wju.TjiER 
Perch, Op. 10). Similarly J, G. Grano found himself Jed to state that the 
faulte constructed by V. A. Ob Kernel jew and others for the Altai another 
htoad fold system —were to a great extent nonexistent (Lea formes du relic! 
dan* I'Altai russc et fear genbn. Frnnm XL, no, 2, Helsingfors 1917). There 
are man; such examples; and die fact that the part played by faults in 
mountain-building U only now beginning to be cleared up, shows how im¬ 
portant it is to discover them and to verify their existence by actual observation, 

(a8| \\ ALTJJfn PenCk, Op. io and Op. 16. The expression 'brood folding' 
was first used for individual archings and subsidences, w hich had tcctonicaliv 
and morphologically, however, only very slight resemblances to folds. These 
(like the Black Forest and the Vosges, which have been termed 'broad folds') 
do not occur 4s folds associated wid) u system similar in ‘•iructure. (tor are 
they characterised, n lire folds, by llic mimiHin^ tit their phase with incrvwiing 
amplitude (see Q, Wilckens, Grtmdxtij;*drr ttkionischm Gwlugit!, Jena 191a), 
h. C. \bo4dwi* took over the expression, and since tlu-re was no precise 
dermilion clear of ambiguity to prevent him from doing so, transferred it to 
arching or in; kind and of any order of magnitude [Dir Grtuifahtr, Jtr 
Lrtintitit, Leiden 1914), hurtlicr scientific use of the term lias therefore 
needed primarily a definition, in that it may be used always in the same wav 
and wiihout ambiguity, I his definition has been given by the author (sec p. 
38). and it should be kept to in future, 

W) l * 1 0154 broad folding indicates 3 change in the spatial condition of 

blocks that have been moved, hither their boundaries come closer together 
because of compression, so that the block undergoes folding, or the boundaries 
remain the same and the v olume of the block is increased by magmatic intru* 
sitm, mi that again ii must develop broad folding, [f, on die oilier hand, a block 
is divided up into narrow strips, which are displaced with respect to one 
Another, but in a 11 ttimal direction only, by the 1 411 Its separating them, there is 
no spatial cliiuige produced. I hus it implies a furiiiimetuiri misunderstanding 
uf the tectonic problem if it is considered irrelevant w 1 1 ether or not the movo 
nitnt of the ranges, t (cognised as broad anticlines, has, with respect to the 
depressions between them, taken place merely at the fault lines. fA 
WWJWSO*. P.M.. laio. Juli Aug., p. 175, 

(30) -Sec F. Kossmat. Die mwliterrancn Ketttngebirgc in ihrer iWichune 
min Gleichgt w jeh tstusiandc def lirdrinde. A.S.. J.(F.( fl ,.-p 1 y i XXXVI It. mi' 
i d Ixip^ig 1921, 

(31) A. PfcNf/s^ Die GjpfdJlur dtr AlptfL Stfzurujsbtr prtm j 4 LtJ IVti- 

,rn * h -> **th.-n.,nkat. Khur. 1919. XVII, P- ;;r.,'Berlin \. Torn- 

vtiihL, EnJIwpen von Rann an iJttr Save %om 29. jlinnet 1917 
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Wi&temeh* U u 7 f r math.-mt, Kt&tiv + MhuiL En 1 bthtuh<mmmfm* ^F +P ™. 
53* 1918. "Hie lmportani simiigraplitc-iecconic observations 0 rnk by G. 
Amfkereh point in the same direction Vhcr die Holtmng von Hum hei 1 l.-lf 
mTiroLJ %krb*gml. Stimfcunsf, Wien LXXl. Heft i r p. 7s. 1921. 

(33) Relevant observations and KWingraphy have hem compiled in 

Wju-THSB PEHCK* Op. 16* 

(33) See the two siruciunil maps un pp T te itnd 94 in W vlther PexcK, Op. 
10. 

(34) The s-amc thing occurs in the Varircun mountain!*. The distribution of 
the RotKegemic in Gprrtumy show? dint Imx the Line of lulda which developed 
during the Lower 10 the Upper Cari.*ouifcroiJ§< periijd was, until as Tate- as 
Permian times, divided up into mountain arches, and depletions parallel to 
the strike. These litter, as relatively sinking areas, received the Roriicgciule. 
and even today can be recognised* by ihc rnmg/anmi and fades of the con¬ 
tinental strata, as places of sedimentation of die same type as the bn [sorts of 
Argentina, Le P broad synclines. 

(?S) For detailed treatment of thr processes of weathering, we have to 
thank van Ih-i (Tmtiw on inetditiurplimu- VS. g*vL Surr M<wt.gr. 1904, 
47), E. Ramass (B&iifTdattjde, Berlin 191s), K Laxs. tmd 

htitjVtibttdiing ah Ht^fuhrnti^ w du Bodetotemdr, Stuttgan 1920) who dbcu*££d 
particularly the chemical usj'cet of the problem. More recent investigation* L>n 
chemical weathering have t>cen untied out b% p anujjigst ulhcns, J, M, vax 
B t-ALMEUi-N, the founder uf 1 nudum i^oil science (Hie \ cRtthicdcncn Arten dcr 
V'cfwilttritag dcr SilikAtgc&tdnc in der Tirdrindc, ZeitscfiF. anw?. Chum.. 
1910, LXVI, p. \. 11. StriMmu (Die Yerwitterung der Bjlikatgtistrinc. 
Landwirltch. Jdirb, 1911, XL. p. 326 and diewherc), F, Va(;eler (Phvsi- 
kilische und chemisehe Vorgange hri der Uodcnbddung. Fnlliling's hmdz?. 
Zt&g* 1910.1-IX, p, ^78), E. Blanch (Bvilriige zrur KeruUnit der dieitnechen 
nnd physikaJiscben Hescbatfenhcii der Koicrilcrt, Jotint. Landiu. Jyta. p. 59), 
IL Njxlas (Girmkckt VfrmUmatg d/r Silikate tmd Gritting Berlin 1912) 
and others. H. F. Hoekb [(Srvttdkgnt drt phynh^hpeh-th mi^hen Petmgmphk^ 
Berlin 1915’ D. Die Vcrwittetung) threw'new light upon the physico-chemied 
rid* of the qutslbri. J, WiiTHMt (Oat Ortitz drr J l'wUnbiIdttng 4 p. m T 2. 
Aufl, Leipzig 1912) was concerned with mechamcd weathering in arid regions, 
B. IltiuuOM devoted au important paper to feosi shattering (Ohvr die gtolu- 
gische lkdcotUJii! da> Froitei- BuILgeal. Imtti. L mi\ [fpmla 1910, IX ;. 

(36) llae magniiodr of rhe change in volume depends upoEi the cocfTicieni 

of cubic expansion of tile rocks and dial of the minerals composing them. The 
iUiA for riiis, as far as is known at present have been collected by K. Scikitlz 
in the fvristhriiir.'i dir Ifiiwra^r, Krittalbgrapk™ nnd Prtmgrttflkie (1514, 
[id, IV, p. 337; iQifs V ( p r 293; T920, \ 1 , F . 137). t sin jc Mn LARti Fnin^a 
data as a basis. A- PtiNi'K calculated the surface expansion of a metre 

q( rLKrk to be 140-? s<|uare millimetre? for a tcmpemtuie change of 70 J C_ 
(Mvrpftologiedrr Etdohi-:*finch* r lid, 1 H p, 203), 

(37) With E. Fiit iiriiL-Luf^ Hs:, J. WAtTllifl attributes, the ^haltering uf 
mck, into fragmcui> of all sizes, n> ihv rapidity with which it has cooled after 
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bavin? !>ocii heated hy the sun's rays. In deserts, this effect is produced by 
tile sudden downpours of rain which arc not inf reti Lion t occurrences. In. tiiii 
way cracks develop in die core, as contracted with the normal restilt of insola¬ 
tion, the pedirm of shell* termed desquamation by v + RrcHTHOFEN (Das 
Gesctz ikr Wustcnbildiing* jW. fi/„ [n, 35] „ p. 131 Jf b ) r 

(3^) According to P. Kanc:^ who mi i*bk to draw upon a fairly Jong aerie* 
of ohstnations for south-wcsl Africa, die variation* to the ground tempera- 
lure for an arid region are 60 [Centigrade] in seven hours in the summer, 50 
in five hours in the winter (Ndtotvl. Zcitschr. ttyio, Heft 3-4, p, tcj. See also 
J. v. Hawn* i^mrurkdtr Urf^Wij^r, duip. p r 37, 3. AuH, Leipzig 1915}, 

(39 k Statistics for die conductivity of heat by various rocks arc to be found 
ilk L.v\E3ULT-BqKKS ttElN't Phyrikahick-dtcmuchw Tabrikn (1905) and in 
VV im;i lmakn 1 * llcatdhmh di r Physik, E.vperitnvnis by Ji- Lr_- :ihow dial tike 
conductivity U different not only for different kinds of rode, but also for the 
lame kind of rock from different localities, "flic following table of conductivi¬ 
ties of heat is based upon the conductivity of silver being taken as 1: 

Quana 0-0158 Basalt 0*00673. 

Granite 0-00757-0-00975 Sandstone 0-00304-0-00814 

Syenite 00044a Gneiss o ‘00578-0-00817 

M at blc 0-00578^00817 

Nme ihflt variations in magnitude may be 1 j much as three times the actual 
value I 

(401 VV. Penck, Op. ib fc p. 239. 

(4* J 2 «jkrAr, a/my gun Chrm . 191a, UEXYIl, pp. 384 p 435. The pre^utv 
m die rock crevice actually remain* umditrcd and, the volume being con¬ 
stant. ice I appears in addition to ice 111. If tile cracks widen, M much of 
modi heat Ion Til increases in volume and changes into I as Li necessary for 
filling up the enlarged space. Thus, there, no frost shattering takes place, but 
changes of temperature or of space (pressure) are followed merely by an 
alteration m balance between water, ice t and ice (II, Hence R. Lang ta in- 
correct when he consider* temperature extremes m be the determining factor 
in fmat weathering also I tar. rtf. [n. 35], p, |6), 

(42) According to BUr.wcKEandS* FtNFraRWAitiEs especially ai ihe bottom 
uf j glacier where th^re is rapid alterrutriari between surface moistening and 
frothing f/Mt Frege Jce Gld^hencrosimi. Sitzxngilvr, KgL Bayer. JAW. 
IVtutmth., malh.-pkyi. Ki XX, p. 435, Miindien 1890). R H6G&1M has 
indicated the extreme geological importance of frost action (fur, rit. |n. 35]); 
J, HirSCHWald wrote of liU practical experience of frost shattering (llamibuch 
dtr Uchnadutt Gfttritiiprvfting 1910). 

(43 ) Sec, for exa mple, ft. Lang* toe, dt. [n. 3.5], p. jo, 

(44) tJ*S* I)rp> Agr, Off. public ttoodi 1908, Dull. 28. Sec also LL Ramass, 
ZmiruWir Mm* 1921, no, 8-9, pp, 233,266. 

( 45 ) CVn*toliacple, the grainy obdisk erected on the Aimridon by 
riLtotlusiui the Great (a.d. 346—395) shows how, since hi* time, lichens have 
catthlulieti tfeemurlvti on tin exposed (north-east) side* and have already 
eaten several millimetre* into Uie tack's polished auffhce. 
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(4O) Knowledge of thi & coci back to F. Cojinu (Die Bedeutung der 
Rydrogck ini Mineral raids, /.eituhr. prakt, GeoL 1909; afro Knlfaithriisrhr* 
1909, TV, p v 275). E. Ramann (/jfcdntaiidSr 1911) and IV Entieivtierci f/V 
RwfenkotfaMtt Dresden-Leipzig 1 ■>15) gave a detailed account of jsoil ccijlnidis, 
their properties and their importancc. 

(47) Not quite true, since all *oili from ruck reduction are climatic ioiIb, 
even the rubbty soilt of mechanical diamlegratiom It would be incorrect to 
speak of soilft having a climatic horizon, and to con trust it with the rock 
horizon below, 

(48) The colloidal state is nothing but an uncommonly fine distribution, 
suspension, of matter Tt is nut a table, but changes spontaneously, though as a 
rule extremely slowly, into She crystalline phase. It has been noticed that 
colloids develop with rapid weathering, crystalloid* of a corresponding chem¬ 
ical composition with slow' weathering. Adsorption is a phenomenon due to 
1 he adhesive force exerted by the surface of each ccifloidjal particle. All these 
surfaces together form the mnrr surface of the colloid. The smaller she si^c of 
the individual colloidal particle^ the greater is iJstr timer surface, and the 
capacity of adsorption increases with this. A, E, Must HUtuni gives the 
follow itig figure*: 

She (tf the inner surface Atummt 0/ 

per gram 0/ the subs amt f adsorbed fester 



metres 

grams 

Fine Tertiary sand 

'■3s 

003+ 

Loamy sand 

5&80 

140 

Sandy loam 

* 4 ^ 


MellDW IrjJJTI 

iai -So 

yoo 

Strong Inmy soil 

265-00 

654 

Strang day from Java 

*>66*70 

iy%i 


On the average about 4 square metres of inner surface will hold ci gram qf 
water,, which is in tliU way prevented from exerting oqy further chemical or 
mechanical influence (Hodetthtndr fur lAmi- and FofJtwirt^ p, 71, Berlin 

* 9 * 5 )- 

(49) Thus die Mediterranean fed earths are by no means the simple residue 
left from the solution of limestone: see E. BLANO£ p Bdlrigc 2ur Kenntnis tier 
chrml&chen und phymkaliadicn Seschnffcnhci! der Koterden, Jvtim. Londti\ 
1912 and GM. iqifr,. VII* p. 57). 

(50) JL Dolby, I he ‘Humussd siren ^ im Liehtc ncuzothchcr For^chutic- 
sergebnisse Intern. .1 filial Bodenhntdt 1915. V, pp. 233, 347, 

{51) It is assumed that the sensitive colloidal pariidcs are surrounded by 
insensitive colloids which are not so easily precipitated. The latter—in our 
case the humic aul»tancts— thin exert a pmteeim influence on the former* 
especially on the hydrated oxides of iron and aluminium 

(52) JL Lano, Versudi einer exakreu K Tn^ i f i krrt ton drr floden in kfuna- 
ttscher um! gcologische Hiadcht, Initw. MitlriL flvdtnku/idf 1915, V T| p. 312, 
H. &TREMHl'$ objections {CM. VII* 330) Have been met by Latfo in 
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various writings, the last being in his Bwknkmdf (ioc> at. fn. 35JJ. The din- 
puis.- docs nnt touch on that aspect nf ihe problem of weathering m which we 
art: intccttptal* 

(53) Anmber pair of such substances, [cached ugt under the jnMncnce of 
access iv? moisture, goes trite the ground water, or h again separated out in the 
lower horizons of the ami* Iron-pun might be mentioned as an instance of thk. 
H. Stor.mmj call* meh zones of enrichment, found beneath the bleached 
upper layer. flWffenftHw; flfid he considers that in the ftgionn of the earth 
w here prccipiiatiun h abundant there arc, Eo be sure, quantitative diff eren ces, 
due in the iMcrctu mean Mpenitar^, but no qualitative differences in the 
development of the soil pmiiJe fLaterh und Term roj&s xh illuvialer horizon E 
hwmoser WaibfldeiL G.R. 1915, Y p p. 4S0). 

( 54 ) There see m3 to be .1 condition of equilibrium established - CjC'CX -■ 

' H 2 0 j.r CafllCOjJj. Such a solution* iaturatttf with CsiCO* cannot 
attack limestone (with which it is In equilibrium;! in spite of the presence of 
free carbon dioxide, A surplus of CO* is necessary to make the solution 
aggressively active again. This b why the solution of calcareous material 
ceases at the level of the water table even in limestone areas. 

( 55 ) I Beirrag aw l lydtograpliie und MorphoJogie dtii 

kroatischen Karstes. wgm. grtri. kritfttamf. XX. I left fi. 

f**) 1 heir wall* arc on the whole smooth, roughened by corr&fllon in indi~ 
ridual cast.-. A r GfrUNn earlier reported baring made similar observations 
( Der geographic die Zyklusim Kant, Z.G.E. 1914), 

( 57 ) The preservation of ground moisture is as for the process of 

solution as for tltai of hydrolytic splitting. This is a second reason why condi¬ 
tions are more favourable in place* with a cover of vegetation than w here the 
rock h barc In the same way, places where the snow last? for a long time are 
better off than those where the surface is quickly cleared. 

(56) The constantly repeated emir that there Is no ground water in a desert 
mukta it nccnaaiy to stm** particularly the fact of its exigence,, which has 
bttti prove d on mui) s>ccafliona, (Bee amongst other references E. Kaiso. 
Hie U &wrenrchlk-54uflg in der mi lU lc hen ftaridb &idwr*mfnkas. Xeitsfkr. 
pftih £?<wf. tqifcXXYil, p. 1654 

fsvl £ Ka1££A t Studied wahrend dr* Kritgra in Siidwestafkila. ZJXG.G. 
n;20, LXXU, Momiisbcr. no. i~j and Mhartdi. Gmsrnrr HochitJmigmtkeh. 

iqiQ, It. 

ffe) D. Uaqerlk, Die gicter-. netz- und wabenformige Verwitterung tier 
SandstcLut CM. 1915* VI, Heft 4-0, with extensive bibliography. 

(&t j The way in which the rate of weathering depend* upon du= mm of the 
inner surface, and its consequential effects on vegetation, is wdl illustrated in 
Hawaii, Here the tough vehicular Aa-bn-n provides a nutritious soil, suitable 
for plain gmwih, far more quickly than the nou-cdlulor smooth^uriaced 
pillow lava of the Mine chemical composition and of the same age (W* 
•taWslcAM. The Vr.kifMMA of Muuiji Lm and Ribuca. W™ /W/« J?wfcp 
M*/, «Ml andmtr Uhl, Honolulu 1910), 

(fti) EL de MutTONXK, dt givgraphit phyiip*, P=tns 1909.—A, 


NOTES ON PAGES 48-59 3<>9 

KOJIh, Jijiie ocut Me diode auf dcm Gebiete der CcjonwrpWlogic. Fortsckr. 
rtar-ttis*. Fmdnsqg ill Abderhalden) 1912, VI. 

(GjJ The uicre^vd lusk can, hpWErer, he managed skier there i* another 
side to the matter, -Vf. the number of divisional plane* gtwx, *0 doe* tlic 
inner surface, and with it the Aurfare exposed to attack, by chemical agenU in 
particular. Thus in the latter stages of weathering the amount of chemical 
alteration becomes greater, he, more :> jccotnpEkkhed in the way of ruck 
rcdactir.m, provided the cmbpiuduct of weathering has not already been 
developed, 

(64) See notes so and 23; also Waltheb Penck, Op, to. A. Laljcoix, Lts 
Ikiijeritcs de 1 m Gukiee rt le* prmiLiits detention qui leur Sant assurics. .Vow. 
,-Jrrfr. Mus* Jlisi. mti Faria iq 14 (5. scr.), V, p. 255- 

fti5) Iti the tropics T as In temperate dmiiitcs, the exceptions seem 10 be 
associated with specialfy hat parts of the country or with places which wen^ 
until recently, areas of deposition, nut of dt-nudmium 

(GG) E* KaAians% Bwlfnkiiriiie, Berlin lgii h p. 313. 

(G7) E. Raivtann; Die tunwirkung etaLiroJytarrncr Wiisaer *uf diluvtalc und 
aUuvide AblagL-rungrrn urn] R6dcn. Iy15? I XVTJ, p.275, 

(68) A. Peilnck, Ve ranch emtf ixJiniaMasaihkariuii uuf phyri^-geograph- 
isclinf Cnmrfbige, Sitzvttgbtr. prats.*, A hid, tViumseh^ phyi^math. AX iqio, 
Xtl fc p. 236, 

(69) PM,iSjS w plate 18. 

(70) The colour s& connected with ibr ftirnminn of humus, which ts 
favoured by the relatively low annual temperatures* associated with a great 
deal of moisture. If the humte colloids arc idsorplively saturated with mineral 
salts, they l>eeome diettiiodly euibk, and arc retimed in the end-product nf 
weathering, itself yellow, darkening this (the black earths, the calcareous black 
cart Its of R. LaSu, whi ch with its occur o n limestone^ and the brown, earths 
qf our latitude* jk- Where there t* very thorough soak mg, 3* for example in 
regions of a somewhat lower annual temporal ls it, I he soluble salts are removed 
from the soil* washed out and even leached from their Adsorptive fixation by 
humic colloids. There latter then become equally soluble, and with them the 
more sensitive inorganic colloids. Thus part of them goes into ihc fivers and is 
Iml <1** water, 'black water 1 rivers i, The upper soil horixom become 
bleached; humus accumulate* in tin; lower one# wild frequently die dissolved 
iti organic colloids, if thee have been re-precipitated by salts—especially 
calcium carbonate—are concentrated there- M a ruk this happens near the 
level of the water table; iron-pan is formed. For the conditions leading to the 
formation and preservation of humus, sec K, Lang, Bodriikuiide t far, at* 

(mlsl. especially p. 94- 

(7j) riee note 49. In die rainy ac-ison* the Mediterranean red earth turns 
brown, since the red iron oxide take* up water and so chau^ into the bruwm 
hydrated oxide. Also it is in the rainy neo-son that condition! are such a? tu 
make Like existence of humus possible, It 'dissolved the sea qui oxides nf jinn 
and aluminium, which 4re then precipitated only if ih?n- j plentiful supply 
uf electrolytes* c.g. otdum csrlxmaLc, In die dry ne^icn tile humu* is Jc- 
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composed, .itid the acujuiodides remain insoluble. Hence it is particularly on 
limes tune that tlicj accumulate (though they tin also occur elsewhere) and 
form the wtfl-ktiown terra toss*. 

(7a) M. rUvfck showed that this was the origin of the latcrite in the 
Seychelles (HeiLrige iur Geabgic der ScydicllLn, insbc*ondtrre r.ur Kenrtmis 
des L items. N.Jhkti, Mis,. urn, 1898, LXXXVI 11 , p, t6j and ibid. 1907, p. 
3l)‘ Not everythin ft wludi is red and U celled late rite in the tropics ii a pure 
hydrated oxide. as is show n by I f BCciirsc, among ©there, in Us analyses 
( 2 ur Geologic ton Nord- und Ostsumatm Bair. Gtol. Otfasmu und Jus- 
truisms \ til. Heft I, he 1 den 1904). See further F W. Clasec, The Dau 
of Geochemistry. V.S. smt. Sun. Bull. 330, Scr. F, p. 4*9. Washington 
1908. 

Tht- earlier view, still held by H, Sttikmmf; {see note 53, also H. Stoemme, 
Die Rntstehung ties Laicrits. Z.GM., [jo. z, 1917, ami elsewhere ) that late rite 
ia developed under a cover nt tropical forest and so is an illuvial horizon 
beneath an tipper layer rich in luimus, does not seem tenable. Red fsterittc 
soils have indeed been reported from tin; forcst-ctod Tropical mountains of 
New Guinea and the Sumii islands, hut according tn tt, Lawj’s recent in¬ 
vestigations they are there overlain fey brown and black earths, and m 
developed under dbintic condition different from Am of the present day. 

I .aterite and analogous tropical red cluys are furmalions belonging to warm 
belts with pronounced wet anil dry seasons {c.g, tiie regions of light monsoon 
forest or tropical sa'.anyji if they arc tod;i> found in arena of tropical rain- 
forest nearer the equator, there is reason for concluding that some rfhnirir 
variation has taken pEull- ( K, Law, ZmtralbL Mm, twc. 1915, no. 5, p. 148; 
*a to further literature, Hodenkurtdr. lot, cit. [n. 35]). 

i?j> b*Nfi has rightly stressed this. The literature on tropical liuntus 
sttiis, peat bogs. and 'black water’ rivtre is listed in his Badtnhmde. I. too, 
have Men only dm It huttma soil* in the tropical rain-fort^is on the eastern 
slopes of tin; cordillera of no A-west Argentina ;md the forested districts of 
the Haw aian l^landa. 

174) Humic colloitJs are ..! t, present where exuding water gives rite to 
patches of luxuriant vegetation- though not on the cultivated {m stx Their 
presence here is connected w ith ihc slowing down of Organic decay brought 
about by the high content of salts (set It. I jure. Budmkimdt, he. tit. In. «i. 
P« 3 )- 

( 75 ) *•- M ■ HJt.CAJm Ymi the hrat to recognise the close connection between 
climmc 1 nd type of sod pointing it out for North America (tber den Emilies 
del Klimas auf die Bildung und die Ziisammcnsttzufig dcs Bodctis. If 'ollrtys 
Fsituh. Gtbitt Agtihdtur-phytik 1893. XVI, P , $z_ The same: Soils, New York 
190*). K. Gi.Ikka attempted the same thing for Russia (Di, Typmdtr itoten- 
biltlimc , Berlin 19141 and Ii. Ramann was able to extend to the whole of 
Kuropc the knowledge thus gained {Stadmkutoir, Berlin 1911, p. 5*1). Since 
then attempts iiave frequently been made lu diswvur similar caanectHHU over 
ihe world it. 4 whole. I’he credit lor carrying did through successfully Iwlongs 
in R. Lamb. and bis findings were ultimately presented in a comprehensive 
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to inner in his Bodrnkmdt, foe. nV. fru 35 J* H- L. F. Meyer also gave a cursory 
treatment (Klimazemen dcr VerrwiUening usw. 6 T ^, 19*6, VII, llrfi 5-6, p. 
igg} # jnd H. SraiamE showed for Germany in what a BCMtivc way the sod 
formation reacts in relatively small climatic differences, and how waned there¬ 
fore are ^oiE types over even a small area (Die Verbrettung dm klmistisdLCJi 
flodentypen in Deutschland. Branca-F±ttuJtrift t p. 16, L*cipjrig 1914). 

(jfi) Red colouration is by no means diaractcriatic of desert formations. a$ 
is sometimes thought* In the desert iron, which gives the colour in red pro¬ 
ducts of weathering, ia more often in tire form of crumbs of liriwiiite which do 
nor affect the colour of the detritus from arid weathering (E. W. 11 1 i.c; Attn h Die 
Roden a rider und humbler Lander, Inter*. MiUriL Bodmbmdt 1912, p, *40}. 

{77) The conclusion* of K Im*G (see note 38 f ? 35J) and J* WALTttmt (flw 
Gmtsdrr Wiiitmkiidung, 2. Aufl. igta, pp, 297, iqS} lead in this direction. 

(78) 'Premature' here means: before a little piece of rock ltais H through pm* 
grawve reduction, become so mobile that it k capable of ^prantancous 
migration, 

(79) T. 5 , Hunt seems already to have noticed this (The decay of rocks 
geo logically comtdered. S- iK®j P XXVI, p. 190), and j. C. RkaNNEh 
reported observations on ii {Decomposition of rocks in Brazil. H.G.R.A. 
iSq6 p Vltip. 255), 

(80) ff ihe regular arrangement is not disturbed owing to thorough-going 

crsmapoitvlion by rivulets or ram wash. 

(8t j He Considers the acas of rock 10 he the result of 3 'perigtadul fades of 
weathering" (C, fl. C^fgr m gM, mL 19to* Stuckholm *912). 

(8*) B, Hikiis*™,, Ober die gcokgivche Bedcutung do Frosiei. for. o>, {n H 
35].—W* Salomw, Die Bedeuiung der Soliduktion file die Erklamng detit- 
acher Luidschafts- und Bodmfamuui. OJf, 19 U\ VII, Heft i-2 p p. 30. G. 
Ki.emm introduced a vital qualification, welLbaacd upon actual observation; 
ho 1 fie. too, considers that die rock are on the whole Pk-ijitpictine forma- 
liorp. (Cbcr die F-fttstchung der Frlsenmrert do Fctsbefgea und andcrcr 
Orteiiri Qdenwald. tfotixAL Vrr. Erdk. juts* Darmstadt 1917, V Fntge > Heft], 
P' 3 . JQ 1 ^) 

(83) Die REcjckfeMer im ostlichen Vogetaberg, Bn, i Wiomml. Xttdztthnn. 
gr(d_ [>;, 1916, p. 29, MevJilii seems to fate ihe block seas to be fossil forma¬ 
tions, since as a rule they cannot have been derived frrcm precipice* or crag* 
(for, ril . [n. 75], p + li)u Closer examination of the substratum lead* without 
difficulty to the conclusion that not every accumulation of blocks ha* originated 
as scree or can be traced back to if. lire further argument, that the formation 
of block fields is brought to an end if they become forest-dad, is thus invalid 
(foe, oV, p p. 44). 

(84} H* SOTMlTTKHKEEt, Die Oberffdchcngcstflllung dcs non! lichen 
Schwar/waldefl. f/ ndt I hr rgrr AV«r r iuiim . Karlsruhe 1913. 

(85) This mistake is obviously traceable xo the common confusion (found 
also in uther connections J of rticchanical reduction wilh mechanical weather¬ 
ing* 

(ftb) 'rhiis it is wrong to tay* u Paesarcf believed could N done, that tlrere 
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;s nrjiv no longer any movement within block seas (WQstcaformen in r. Wi^ h- 
lutul. (j.Z. ig.it, p. 571)) Seas of blocks ami immobility art-, as is shown 
by (lit whole- slate of alfctiia, c'meeptinns almost mutually exclusive. Ah 
they move, the components rtdi one another down, and them may he a 
sc ni tchum of susceptible rock fragment#, Tile scratched pieces of immstone, 
which O. i 1, EHOSJAKKa&dftPKH found embedded fri (he material of some of the 
^tiearns of fitunitc blocks in the liar/ Mountains, may be died as illustration 
(f ber If he lint mine am Ostrand ties II mdrengran itgehietra 7. Jafim&erithtd. 
Xudrrsdrh}' Geo/. Or, Hannover 1914, p. 53). The aeratdiw are too mdi*- 
Jiiicl En fit mniitdcfud Hsuig|j£i;il Ongin; ahd. itifl mnift imporraittp ilie 
as a whole shows no connection with any source of supply possessing glacial 
forms. Now such a connection vs absolutely essential for proving the glacial 
origin of a mass of nibble or blocks. Cf. C, incuts {Die Bildutig tier Fdscn- 
rntrre in Oden wild. X.D.G.C, rfigb. p. 644) who took sloped of moving 
matei hi, masses of rubble and bluett fields to be moraines, and was corrected 
J[ Z-'" ^'UTstJtoKR who recognised their pscudoglacisl character (Geopr. 
Mhtindl. 1907, IX. f left t, p,«4), 

(1 W Bench, Dp, 10. rile same phenomenon is silsi. to be seen, excellentlv 
developed, on the; subdued relief of the granitic lummiu (not on the slopes! of 
the Lanahan m shantung. 

tSS) It is nnt entirely superfluous to stress this, since do: tamponing force 
ami ihtr man whirling medium arc nccasionoJlv mistaken for one another, .See 
thr viewanf Mcirit.uARiw^HvTTt on the immntnl of blocks of atone (Die 
Dlockfelder un neither, Vogelsbcig, A*. at. [n. 83 J. p, 44; Transport by the 
ItirL-e of gravity is in most case- excluded on account of the flatness of dir 
dopci.' p. 45: rin* greater pan was set in motion and did downwards along 

the very slightest of slope*, under the influence of the rjack_‘ 

(# 9 ) Morphahpt der ErdehrTfiiu.hr, 1 . p. jqz, Stuttgart 1S94, 
fool ft is self-evident that Kit ure shows no sharp distinction between mass- 
movement and mass-transport If. fur example, in a gravitational stream of 
1 nr lirst type, die amount of the water assisting the mmcmciit is increased, 
•“ lt Utu incra, * t uppvr ham!, then muss-movement changes into 

mast-transport. Ham wash by surface run-off, considered by A. Penck to he 
stdl mii&.-tunvctncnt, belongs of course by its nature to die second ivrw ©f 
graviuuiHiaJ stream, ft will not, therefore, be discussed till 11 Liter chapter. 

hi 11 Therefore, even when at a loss, for a hettcr term, vve cannot speak of 
soil movement when we mean nv^,-movement. (G. Hhaln, Cher Bodcn- 
bewegungen. u.Jahmhfr.gte^t. Gnrlltrh. Gniftwld (908). 

(91) So .flvi. in the Valle del Itovc on Etna, the wall-tike appearance of 
basalt dykes, siamlmg up above the surrounding basalt tuffs and unconsoli¬ 
dated material also of the same cnmotion, is due not so much to a difference 
m resistance to weathering as to their very different degree q f cohesion 
Greater quanbucs of loose material than of massive dyke rock mow sway in 
11..11 time-helped mmeta™* b> ramwash. Thift i, hwmdc it is unomroli- 
iLm il. It » no, notKcabty m»re w eathered than the M t| of which only *nm|J 
anu-uriis are «> reduced ns to he made mobile in the same interval of time The 
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choice of this is a text-book example of (inferential tvcillirriu^ is rvni j 
particularly happy one. 

(93) The mobility diaructcristk of a rock itself i* undoubtedly superrar tu 
the acquired mobility which comes from reduction. However little it may 
raw* weathering, there always seems dilficujty in denuding strung mek, and 
so this stands out prominently from surrounding mfittrinl of greater original 
mobility no matter how resistant to weathering the loiter may be. It is in¬ 
correct to use the terms hard ami soft for rocks which it is respectively difficult 
and easy to denude, since ihk dues not take into account that whai constitute* 
the difference in reth^iince tn denudation is colloidal content* cohesion ami 
raiitfanct to mechanical or chemical weathering. It docs not matter at all 
whether or nut the mck i* ?? coherent ?? (abw ktmmtegdrr Kahuitnz) 

(94) Increase of friction, brought about by increase in the velocity of the 
movement, may therefore be neglected in this case. 

(95 ) M- BtAfcfCKEKliORN still describes =u*iiI movement us alow slumping. 
Ttuorie dor Bewegungcn desErdbodcns, Z.IhGXJ. iKgG, p. 383. 

(96) The friction is equal to the product of the coefficient of friction p ant! 
the pressure cierted at right angles to the tubtunmutn nig cos a* where m 
the mass, g ** the acceleration due to gravity* * the angle of slope of the sub¬ 
stratum. When a - 90 * then p mg cos 1 = o, 

(97) The downward movement definitely corner to 1 stop when the friction 
has the same magnitude m the component of gravity causing the movement. 
This h g sin 9 and depends upon the angle «f jJopc *. Thu angle of slope at 
which this equality occur*, is called the angle of friction. It i* given by the 
equation pg 009 i T *g sin wltcre p= the coefficient of frtction k g co* * F ^ihe 
pressure exerted m right angles To the substratum, the ind[nation uf which i* 
given by the angle 11 iccondition for the actual cessation of mass-movement 
follows from this, viz, when p*<bm Thus the fora the friction, nod ihr 
more effective the factors reducing friction* the gentler will be tIk slope along 
which the material can still move. 

(9§) $, PASiARdt, Hiysinlogmhe Morphologic. Mitteil gfogr. Gtttilsch. 
Hamburg 1914, XXV! ! S and Guogr. Zcitschr. 1913, Heft z. 

(99) K Saffih gives un account of slopes covered with tropical forest 
which reach an inclination ot .r- nuu h as 70 ! | Hbtr AbtragunpvnrgUngt in 
den regin feuehten Tropcii itnd ihre morphulDctsdten Wirkungcn. C\Z- 1914. 
XX, Heft I, p. 5). 

(too) YV r BtiiKAiAxs. Pet Sepik ntul *cin Simiugchiet. Witfril drutsthm 
Stkuiisgtlrietrto. Ergimcungahcf? t Berlin 1917 and Z,GJ \, Xu, 1 -a, p, 44, 
IJH- 

fioi’J Such profiles arc mast likeU to he found on slopes which decrease in 
steepness from above downwards. They show that material; taking ita rise 
from the upper pans of the slope, is moving down mom quickly than it can 
be changed by reduction into a more advanced sisge. U then* on the 
less, inclined purrs of the shipe, forms a Incite which not only contrasts 
with that occurring in the prniilr of mJuccd Pock dL-vclrrprng lb ere, hut also 
ceiuics fo >hm\ .uiy correlation with (lie slope of th. substratum Such ah- 


314 NOTES ON FACES 83-87 

profit mak^ it easy tu rwopiiic the slow downward movement of 
mjibrmJ; and it ivjjts through them that this movement was first detected (G. 
Gdr/JNG? K, Et:itr;i^c zur Eiitattliiim* tier Berpnickcnfomien, CUogr AbkandL 
nprj f IX, Hrft if T'toey are almost the rule where stapes ire noi too gently 
inclined and have rt*nstant bonds outcropping m them above rocks that are 
reaching the state of mobility more easily. With the more rapid disappearance 
of the latter, these bands who crumble away, art broken down, and migrate 
comp 1 rati vet v quickly even under a cover of vegetation. Sal orally, the rubble 
thus developing he north such a cover shows at the ijutMl bust few signs of 
chemical alteration; these me acquired only during die course of its migration. 
Thus it may easily be confused with products of mechanical weathering* 
especially if rock from,which it cornea is on the whole re little susceptible to 
chemical weathering as the German Trius&k vLUbnciits (S. FJi&aAJtCfc, MititiL 
gtagr. GtieUtch. Hmhifg 1914, XXV U1) . Tilt? extreme freshness, oocasionaHy 
*hown by e.g, Muschelkalk rubble beneath a vegetalion cover, had been taken 
23 indicating that its origin was Pleistocene frost weathering. This Miischd* 
talk is one of the most widely distributed materials in Thuringta and south 
Germany in those formations which are due to mechanical rock reduction 
(not mechanical weathering]. It is still far from showing those changes which 
lead in one of two directions; cilhtr 10 solution, or to the precipitation in in- 
creating amounts of colloids, both inorganic .»nd humic, especially on lime¬ 
stone, These processes have already at the present dm, caused cm; tide rattle 
alteration in Flehtoczne |im«toti.e mhbk; and, they could nut have failed to 
mark thi* algo with the imprint of powerful ehcrakd wsttiering. 

(102) joamws Lavis, The Eruption of Vamvius in April igofu Sa* 
Tram. roy. £W. Dublin 1909, IX. part S p p. 139, — A, Ucaotx, Cl R. At&L 
Sri. Paris 1906, CXIJL p, 1^44..—F. PatHFr p AJ.S. 1909, XXVTH, p. 413, 

(103) The saggings somewhat frequently mentioned as a special form of 
dumping arc merely early stages of ibis—where* for one reason or another, 
the transition from a sliding to 3 flowing movement, by which ihe moving 
system break# down into a stream, has nor occurred or is rudimentary. 

( 1 04 1 The earliest observations on tb;s were communicaTcd by Casos 
Moseley and CtUUlLES Davison (Xoir on the movement of scrcc matedaL 
QJ+U.S. XL 1 V, pp. 13s, Szjh - j c' A. Pps-CK, Wotplwfogie tier 

Erdobcffi&f^ U p. 

(io^J The differences in volume l*tftivsen ihe dry znd moist conditions are 
as follow*: 


Sandy sods 

dry 

1 

maul 

1-00 

Loess soils 

1 

i-ij 

Calcareous loams 

1 

i-ig 

Sorb rich in humus 

1 

t ‘31 

Peaty soils 

1 

1-38 


F. HAHEtitA.NT!T , i results {FkffflUWU** Ijrndw* Zeitg* XXVI, p, 4B1} quored 
by E, Ramann Btidmhwd* I911. p* 327, 
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(ro6) llic reason tor this ib that when ice crystals sue formed by freezing, 
their major axes are oriented in the direction of the radiation, that is at right 
angle* to the exposed surface (E, RamANT’., H^tUnkundf. p. 3 *s)- I Ids is very 
beautifully shown by the ice on ridge crests, which often raises rock particles 
several centimetres, and, where the tipper surface nf the soil is Ms dined, drops 
them again lower down the slope (sec CHARLES Davison. On the creeping of 
the soil cap through the action of Frost. G.M.. H-i- 1SS9, dec. ID. vol. V1, p. 
25 $ and A. PtNt.'K. Slurphttbtgifdtr HrdbbcTfliteht f, p. wt). 

(107) This » due to the liigh degree nf mobility which is also responsible 
for the fact I hut, othe r things being ctjuul, (la tter surfaces are formed by wet 
Q.,r. by dry rente rial (sec Tiioulki, L\ H. Acad. $Q. fans 1887, Civ, p. 
*53”)- *io the rainy tropics, material migrating from the sleeper slopes is, 
according to K. Stprui. often already in u pulpy condition ami Hows { flowing 
soil'). 

|jojj| it is not possible to decide whether the higher summer temperatures 
have any effect. It was found, at any rate in the Atacama Desert, that ifl.vda- 
llon rubble was as Thoroughly mobile in summer as in winter (WalTuer 

I'EMTI, Op. t6). . , , 

(109) Merpkaltrgir dtf Erduh&jtteh*-, f&C- rit* [flu i]» 1 « vhap, h A summary 
ofimn recent Utcntutv from 1903 10 1912 i* given by A. Run* Gwgr, Jahrb. 
XXXVg p. 81; XXXVII. p, JV5 

(110) Obcr Bodcabcwi^imgca, tot. tiL fn» 9 ij; 

(111J Sec Wautiier Fenue. Namgnwhm in H^fhgtbirgt, Stuttgart* 191*. 

(,112) Following A. titt M {SHijfdtnhL wrfwf* GmSidL 2 flfkh 1S74K 
c . a. ik * k ( Mountains, their Origin ml i tltnluirgli 191 j J tlej.li ^ith thi*, 

/jilj Aft .1 rule, bare domc-ataped rtidUfttWW m mads grJttitc or 
nirciilariy massive rock, frequently characterised by a *ca1c4ik£ type of joutting, 
the result of primary contmctirm- This »dns to be ime in tJic case of the 
domelike m Nubia <J. WjilthOi p Ik* Cmz *r WnsUifhtfdung. 2 , 

Aufl. 1912, pp. 10S, i35) p the granite dtom« rA *■= * rld (*-!!■ |vairi3 ' 

11 Cl exte, Der Krangu- Btitr.&eoL ErfmdL Jmisth. SehutzgMef*. Heft 
f? p 148. Berlin 1919). die Rhodctdfil ‘Matopoa* (A. Penck, Sudnfrik* und 
SambeBiflUi!, G. 2 * iyctf T Xll P Udi 11, p. 604) and the dome* which keep nn 
tecumng in South America, where they are called ‘Pan de Azumr In 
Uruyimy, fur examplt, their convex profiles aiferd a m a rke d conu^st tu the 
non-giantttc imelbef^ of ihc summridui^ peru plane (see plate t, tig - in K. 
WAt-Tsn, Retxtta del bat. .V. dt Agrcmomia, Montevideo 1919. -md Scr. No, 
*v On the other hand, the gniidine-likt structure of the domed mountain* on 
the fcjv of Kio de Janeiro is interpreted an resulting from Mint process of 
folding- The scaling, which make* the domed structure apparent, is in this 
esse attributed by H- BhANPT w slipping of the highly mobilr products result¬ 
ing from the chemical weathering of the gnnUwsc granite. This process, as jt 
works inn aids from the outside, follows the Structure of successive shell* (Die 
rtl W n Hedge in der Hudit von Rio de Janeiro, Mated, gtogr. tiaetlwh. 
Hamburg 1917. XXX). The shell like scaling of The granite domes m the 
Sierra Nevada may also he attributed, 111 alt probability, to the relief of tension 
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and so to toe tenuous thermehcs, within the rock: the shells also run parallel 
if. the outer surface of toe rod in dm W3 JI of the U-shaped Yowtnite valley 
whidi oils one of ihcse domes in half. It* exfoliation depends upon dynamic 
conditions m toe same way as the tifotomwi of m.i kmjm iH often noticed in 
liiames and on tile walls of mininc galleries <G. K. Gn.BERT. Domto and 
Dome btructure in tot IIiffh Wien*. BG.S.A. 1904, XV, p, 39 and Hall. 

S™ L Surr - W, No, 113, p, 431, K, AfiNOUJ connects tot scaling of the small 
domes ufmaasm conglomerate in California with tensions brought ahout by 
an increase in volume as a result of chemical weathering {J.G, 1907 XV, No, 
^ P- 5 &®)- ^ ku* i l is n «> fight 10 speak of climatic conditions being respon- 
sable for mountain Jiimti of ruck in the sense of their being confined to 
regions where rock ttiltittion i> by msolarinn. Rather is it (he properties of I he 
rock wnb which the form is connected genetically The removal 01 the 
loosened material generally take* place as migration of individual separate 
rock panicles. 

(114J Conditions for toe accumulation of -»crec are the same os for that of 
loose volcanic products, which have been experimental I v followed out by G. 
LiNck (<-;ber die ausscre Form und den irmercn Bui der Vulkane mb cittern 
Aahang fiber die EJUnen. ,Y Jahrk Min * m, *907, best bar id, p, 91). The 
superficial slope of toe accumulation is not die greatest angle which toe bone 
material in question cun support, but is smaller than this und coimponda to 
the figure of rolling. The Steepness of this falter increase# as die we of gram 
decrees*- and the ahape nf the ipper surface of scree conform* to tots tow. 
“ A ; liNl 1 ,K ’ Uor P f,ot <&“' **f tiL [n. ij. I, p, 330: tor the slope., found on 
t . dui „ Bahomatvn, Der jungste Schutl der nordlichen fcuikaJpen. 

trtiffeutL GeftUick, Erdk. Leipzig 1895, p. r8 and A, PiwpWtK, Ober 
Maiimaihosdiungen irockcncf Sdiuiikegri und SchuuliuSdcn. I 'trriAj.ihn- 
tchr **'«*}' ZM tyoj, XLVIU, p. m , on the mL, nonstop of 

screes to aUuvbI (tones: M, Gortami, Matcriali per to studio dejle forme dr 
aa-umuluinf nto t. Af«r. Gt<&. Suppl aUa Riv.png,. iui. \ (J . ao 
Rorente 1913. 

{H5) IJ, Hbcnoiu 1# rhr latest to point out tint duping ruck fner* underlie 
wrets ((Jbcr Hit geotogischc Bcdetitung dts Fnwit's, Hull. <W. } n ,tn. Unh 
l pngl* 1914. XJ1), 

■ wJ, , v"* CbrT Ber S B,Q ™ e ' Vfi ijahnbi naUiif. GmeOstk . Zutith 

(n-i A, Pswik and i> Bat't’KNLH, thr Alprn im Eiszeitetlttr. np. 348, 592. 
*>3°' 9 * 3 - 933 . >®39. till!, etc. Leipzig (909, The some » true tor the Isan 
Juan Mountains, Colorado- II How?,. Undslidi* in toe San Juan Mountain*, 
t oiorailo, Sum. /Vu/, Perprr 1909, 67. 

(itS) The smallest indication that die dip plane must possess us mat 
m prevent movement after the removal «,f wheston, is that of the angle „f 
fncticm (see rote 97): the greater the mass of overlying rock, the (ess is this 
angle. Thus a dope , s undermined if the planes of least cohesion mu inclined 
snore steeply than the commpnnding angle of friction, hut leu steeply than 
the surfucr gradient in the same direction [A. Penck, Mosphuivgn, tor. rii. 
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[m i], I, p. £23), The tindrnnminje cun be brought about by running water 
(erosion) or by wait action, but it fnay aflft br produced by human inter¬ 
ference. llius it was the working of a quarry tiM brought the catastrophe at 
Elm to a head. The explosions m tbr quarry stein further to haw caused a 
great EotiKcning of ifre whole rock complex which later slid down (E, Buss and 
A. Ham, 1 M Btrgtfurz twn Elm. Zurich iSBi)- Similarly. explosions are said 
to hive contributed to the slumping and caving in Thai occurred during ihv 
cutting of the Panama Canal (E. I lo we, Landslide* and the sinking of ground 
above miues. C /?. £&£ ml/?re h Canada 1913, p, 775. — p* f\ 

MAcDox\i 4 ?,Extav;iiion DeformaUonp r p. 779). 

(> 1l }) V. Turxau, tietiiag? sur G&kmediT B&mr Alptn* Dm. Bern 1906. 

{■ao) The wltjtw of fall* of melt arid slumping is quite often due to eartb- 
quakfi shocks, Thus the. great Landslide un Dohmt&ch was *el in motion L>y 
the earthquake of 1348 (A, TlU* MiUtit, hk*gfagr* Gtirlluh. Wien 1907. L, 
p. 5 J4J; and on the occasion of the /\ssameart}jquakjc of 1897, the Keep slopes 
of vitftin forest were, for a great distance around, deprived of their cover of 
vegetation because the underlying mantle of soil h ad slipped down (R. D. 
Oldiiaxi } Report on the Great Earthquake of lath June 1S97. GroL Surt. 
India, Mem. XXIX h p. 119, Calcutta 1 $99), B. How?, lot. at. fn, 117, it8] 
and W. CutVra traced the lands Sides in several parts of the western United 
Staler of North America back tn earthquakes as the essential factor (Gcologv 
of the Rico Mountains, U.$. grol Sure. 11 Am* Rep. 1900, If, chap, V, p. 

mi 

(izi j E Rick ft u k Der Ekrgaturr an dor Boeva di Bifcnrs. MinriL druttcL 
it. titiiTT. Alpawaam, LX XXV, p, 72,—E_ Mowi. San Juan Mountain*. hc m 
eit . {cl 1 17J. 

(m) On Vesuvius in 190(1 (*ee note 14), at the eruption of Baudaiaan (S' 
Sekiya and J. XJfcLem. Jouns, Coil, Sa. Imp, f.W-. Japan 1889, 11 J„ pjr< J |, 
p. 91 ). at the eruptions of Mont Pelee and the Soufntrtr 1 1902 (A. Laoi6|x, 
Baris 1904* — E 0 , Ho vet. &.G.S.A* 1904, XV. p. 566), tie, 

(lijj P. Gb&BXK, In form c sabre las cantos que han produeido las erra- 
cicutes del Bio Colorado (Territories del XcuquCn y Ju Pamp.g cn 1914, Bo]. 
No, t J, S*r, B. BmcaoRgati* dr MmmtU * Buenos Aires 1916. 

(124) The I arid si id t at Gclma in Briti&b GfcrJtwaL Stlgtfifru Rec* Gr/vt. 
Indus. Puhlif Wtwh Drp., serial 30. Vot CCCXXIV, Calcutta 1890. Hcx^also 
Waitkbi Petciq Nalufgr&alttn im Hockgtbirg&. 1912. 

(125) A, Heim, Drt site Bcrgatur? von Mims (Criiibttodner Oberljuid), 
Ialub, Atku'riv. AIpfuMub 1883. XV] II, p. 295, 

(lab) TAUNi^jr-R, Geologischc: Benbjchuingen waJ trend des Banes der 
ratiseheti Bahti bei Chur utul Keidioiuu. Jidn^hn . miturf. Geydluh. Gmu- 
butidens 189b, N.F., XXXIX. p- 55. Sec also A. Vksvk milJ E, Bkuckm^ 
Dsr Alptn im EhzaUilta, toe. at., p. 293 and K. Sc^ewihneu, Der Mt_ Spuiitlc 
briCanipigboute. WittnLgrvLGrsvHich. [Virn 191a, V, p, 12S. 

f J2-7> §vfx v. HmilN t Outih A mm J Vmtas T I, p. 76 and elsewhere, 
Leipzig 1899.—The same, Im Herttn rm Aaen k Bd. II, pp, ^3, 453, and 
ilKatratbrvft on pp, 440, 44^. 444. 44b, etc, Ldp^tg 1903.—Tlie sarne d Tram- 
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himtilaja, Bd. I p p. Bo and elsewhere, Leipzig 1909.—W. Rjckmeb RstKMKft$* 
7V DvaA oj Tu3tk£ilan t Cambridge 19x3. The phenomenon of ‘doling tocfc b 
uem* to be devc taped on a grand scale in Tibet, as can he seen from the 
reports of Sven HeDIM (.Southern Tibet* [LI, p. 301, etc. Stockholm 1917)and 
A. TajeL (Jl&w Tnkftrcrari lid, I, p, 331: Bd Ifi chap X 1 P and the excellent 
photographs* e.g, Plate 67* etc. Berlin 1914). Here it is associated with the 
onset of the monsoon rain* and with snow melt, A. V. Schultz presumed that 
such relationship* held for the Pamirs also {Ahhandl. httmktrg, KotmkHnSt 
1916, XXXIII, Bribe C, p + 176}. h must, however, be pointed out that in 
Central Asia, too, it is only in belts of limited arcs that the movement of rock 
waste coincides with the temporary' mow cover and in general with the more 
copious precipitation which makes "rock flow 1 possible. The more usual 
feature ia growing accumulation of dry rubble, especially in the lower-lying 
parts of the highlands which are formed by the welding together of the 
Central Asiatic system of mountain chain*. This is linked with neither the 
climatic differences- -semi-arid to completely arid nor the winter tnowTtrw, 
but with those parts which have stupes of a low average gradient, such as 
prevail over the whole of Tibet, h follow* from this that in Central Asia also, 
beside* the flow of rock waste soaked through with water, there is also slow 
migration of materia! in the dry state: and indeed iliat theft this represent* 
the more usual [predominant form of denudation* B. HtanpAi ek»*» the 
□hciiomerm with polar snUfluction. But tf the characteristic ©f that is that it 
occurs on a constantly frozen, more deep-seated layer of the soil. Then most of 
the fcmi-iirid "rock flow' is. not doliiluctinn (B BOobom, Die gotibgische 
ttedcuiung des Fnoste, for. at- fn> 35])* 

hi, FmEEifltUHEEN, ForschungEreisc? in den Zcntraica Tienscham 
jWilri/. grn^r, Gaelbch. Hamburg 1904, XX—E. Machatechek (Dcr west- 
Ifchc Tittsschan, PM- 191a. Erganzimgsh. 176, p. 73] shows a picture of 
such a stream of wet rubble find descrihcs the blocking of whole ifiBeyi by 
rock wasre which has moved sn from the sides.. Thi* h a feature frequently 
found in the Atacama Desert aba (W, E*etnck + Op. ib ).— M. CoNWAT deals 
with the filling in of deprresiims between the mountain ranges of the Asiatic 
Highlands: and—on the whole quite justifiably ascribes it almost exclusively 
bo streams uf rubble and mud. ti.J. tS^] h El. 

(139) Sot Sven Heiun, Southern Tibet, for. of. [a. 137], pp, 334, 256, 357, 
*77 *79. OtC-i especially VoL II 1 , clops. 33-36. Afaw ft, W. PtTilPElXY, 
Physiography of Gentral Arian deserts and nstsr*. WmhimiUw Carnegie Intt* 
Puhiu.t No, 73. pp. 243, 253 JL- The Mmc author, Physiographic Observa¬ 
tion's between Syr Darya and Ldct Kara Knl on the Pamir in 1903. Ibid. No. 
16, pp. 133 fc 130 fL— E. Huntington, The Barin of Eastern Persia, Ibid, No. 
2 J& t pp. 219, 250 ll,—W l T* BLAN.DPORD. On the nature and probable origin 
of the superficial deposits in the valley* and deserts of Central Persia. Q.JXi.S, 
1873^ XXIX, p, 493^—E. PECFfUEi^LoiscKE speaks of the Domara Highland 
aa of j land drowned m rubble (qiinted by S. Passajige, Sddafnka w p. 95* 
Leipzig 1908k Set also the writing* mentioned rn Note 127, 

L139) WQtteimd Steppe, G.Zr 1916, XXII, p. 129. G. NjumriGfti- tffftv* 
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attention to die fact ijj.it ill ere art often sur faces of serir stretching out at the 
lower end of die kmuick, and it mi^hi well he thought that these surfaces art 
covered with derivatives from tbe harnada which after migration have been 
left in their present position (Sahara md Sudan 1879, I, p. 5 3). 

(T 31 J Sven v_ HgDfNj Zu Land noth Indira, I \ f p T 335 . I^ipzig tgio*— 
CL Lealing, Eigebmssc der Forechimgsrciscn Pmf. E. Simmers in <kn 
WtLsten Agyptcna P lit. Abhmutt. Ban?. Shad. Ummtrh. M finch m 1-9a9, 
mtth.-phfs. KL XXIX, Abi* i, 

(133) j. W vi iHFH, Oat Gcmrle *£**■ Wtuirnbi{dung t 2. Aufl. 1912. pp, 189- 

I 9 2 " 

(133) There is a continuum scries of phenomena intermediate befwetn this 

fret masarme>veinciit and mass-ifmuipuft, which it can be called when the 
amoeint .of solid, mattei iij less than that of the water, as in the case of'MlirfcftV* 
It is therefore scarcely possible to draw 1 dividing line, and there is little point 
in doing so. The difeisttou* mud streams caused by volcanic eruptions form 
one special group 111 the senes. They were observed on Vesuvius in 1906* on 
Mom Pelet and the Sotjfriere etc. in 1902, and are quite rimracteriittc of 
Javanese volcanic outbursts (sec T, and J* S. Furrr* Report on the 

eruptions of the Soufritn.- etc. 1902. Phil. Tram, my, a be* [A. 200 J> London 
1903.—F. JuNGBlfHM. Jam, B4 IK ftraoulated by j. K. Hasskarl, Leipzig 
1K59}.—R. D. VI, Vi HHi fW and R. Kesstua. scrip tom gM. dc Jam t£ 
\Iudt/iAnt. Amsttrdain 1896). They arouse yruat intcrrsl because oi the extent 
of the eroatou, the scraping out and the valln deepening which they accom- 
pMi (with regard tn [his. see TL Q. I IoVey, BjU.S.A. 1909. XX. p. 409J. 

(134) Observations are extremely numerous. Amongst many others, refer- 

cnee may he niatlc ro G. Ggtzinher. Ikrgimckeriformem !oc r at, [n. 101 j h — 
A. Penck and E. BrCck^TEH. Dir Aiptri im Eissritidttr, for* rit* —W. R>;kp- 
MANN, Die Landschafteu RiimJiums, Z.GM- Berlin 1919, Nos. i-2 p p. 29. 
—A. Fence, Marphatagie drr ErdafferjMcht, lor, at. [n. t], 1 4 p. G- 

BlUHK* Bcitrige zur Morphologic des nurd lichen Apennifi II. 2 >G*E. Berlin 
1907. p. 464.—R. AlmaGIA* Studi gcOgfafici sulk frane in Italia. Soc . gedgr. 
Iiai* Mem. XIII. Rome 1907 am! G*Z. 1910, XVf, Hcfi $ w p. 272, Repetition 
on several -uecastom ai the &imc place, and carniiLUitnce of the pii>ce^$ over 
whole decides luift been described by A. Heim aiuong^t others (Die Boden- 
bevvcgutigim \xin Campo im M^ggbtal, Kanton Tessin, Vwrteljahristltt. 
ntiturf. Gmtbch. Zurich 1898^ XLII 1 ) and IT SCHABDT (Ueboufement du 
Grugnay prtu Cbamuson. Vakis, Hull. .W. mutithwaar Sri, nat. Vat*m . 
XXXI V t p. 205. Ston i9a;}cic. 

( S 3 S) Regular ircurrence of various forms of tiic dumping type of land¬ 
slide has. for example in Italy t kd to their deceiving special names from the 
inhabitants of the district, such as p fmnc\ 'lame' f AlmagiA* loc t sit* [n, 134]}, 
In the $emi'arid regions, lou, witli their scanty vegetation, the widespread 
occuncTice of slumping id aiiown. for example, by the precast* going on m 
the Mexican CrctLH.xous and Tertiary arcaa ami In die ?jju tJi-wet tern Mute* 
U.S.A. Tima in die L^'lnrauto Canyon disiriu. l14-fiLbiJid.tr> are important and 
[* Wet mbmchrt of earthy tnaierial occurring in die Aipt.J 
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characteristic features of tlic landscape (W. M. Davis, An excursion to the 
CJriuuj Can von of the Colorado. Hull, Mm, of eomparMme Zoology* 1901, 

XXXVI] L p, 107. GeoL iter. V. No. 4}, 

(136) See Notes 94, loo, 107. The significance of stumping tn the; tropics 
ha* been stressed by j. C Bnj&rsm (Decomposition of rocks in Brazil. 
H.GS.A. i8cj6 p VI!), W. VoU (Nordtumotra, M I, Fkriin 1909; Bd. U, 
1912), J. Romanes (Q*JAJ.S. 1912, p. 103), B. B&amut (lot, tit. [n* 113]). 
H. D. OmifAM (A**\ e?£ [ft, iao]) and others in addition to those that have been 
previously mentioned. 

{137) Undercutting naturally brings about slumping on the flitter slopes 
also. It is ftui only running water which lidp* to bring this about; but any 
interruption of the forest by wind devastation or the track* of wild beasts, any 
cutting for roads and railways, is fallowed in the 1 rupees by huiLMdc^ 
Sappew. Rejwmajsx 'ind J. C. Drainer have specially drawn attention to this. 
The ddficultics encountered in the construction of the Panama Canal brought 
Litis out dearly (D. F. MacDonauj. Animal Report an the hlhmian cuttul eont- 
mtsswny Appendix lL f p. 205, Washington 1912). 

(138) W. Vt-si'K, Op, 13. W henever there lias been a downpour* water runs 
off rapidly iekI in great quantities along furrows trend ted in the slowly (low¬ 
ing material. 'Iliesc, however, do not persist die whole time; frequently, m the 
rude waste flow* together “gain, they become dosed up n leaving no trace, 
only to appear afresh in other pUcca. In this way, water trickling in rills 
promote* and accelerate v mass-trjnjtjK^rt, first by carrying away solid milt ter, 
mid then by causing nwre rapid movement of tiiccessivr fragment* of rock 
down the steep aides of their ruin-furrows. This co-operation uf running 
water and mass-rndventcrit can be followed specially well on flatriah slope*, 
where there are very great differences between Ute speed of running water 
and that of ruck waste. It is obvious that the prerequisite for this process w tEsc 
vulnerability and actual damaging of the vegetation cover. 

(139) QJ.C.S, 1^04, LK, p, 243 

(140) A preliminary paper on the geology of the Cascade Mountains. UJL 
£rol. Svr®. 1900. 20, Ann. rep. II, p, (93, 

(141) (i. BRAUN. Zstr Morpltojngie d« Vdttrnno. 6 T .Z.£. 1905, p. 771.— 
J. Girard, Lei Falmsts Jt fo Manchr. Part* 1907. On the Channel coast the 
undercutting uf diffs h partly due 10 the direct action of breaker*. The scarp* 
which bound the oases uf the Libyan Desert and ixsrdcr die volley of the Nile 
also recede in consequence uf sfuvv crumbling away and slipping, CL LehllNQ 
considers undercutting by wiml ro bo responsible fof this (hit. rd. [ft. 131], p. 
34), bui this is certainly not correct in so generalised 3 form. 

{142) Waltuer Fence* Op, 16^,44, 

t<43) l 3C Schaffek, Das Miojrin von Fggcrnburg. AhhmdL geoL R.-A. 
Wien 1914, XXU, Heft 4, 

(I44) WAlTHiR Fkkul* Op. TO, pp r 46, 47. 

D+S> J- Soi.cih Epigenedsdie Erosion und Denudation. G\/?„ igitf r EX, 
iltft7-S* p. 161. 

(*4*) R- S mswrm ttytiord i svensbi QiUtnkter. GW. Form, i Stack, 
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hulm ForhandL iqo^ r p. 45- }> Geiki? has already pointed out the potability of 
such a tint) a I mo lament m frost nibble, md Imb made use of ft fur plaining 
rna^s of fossil nibble—now apparently nationless— found far from their 
places of origin f 77 jp G'wi /£* _ 1894). lie also. in ibis connection, referred 

m the masses of lirnc^totir nibble in Gibraltar* dial have repeatedly and 
recently been interpreted as relics of Pleistocene rubble which p reduced by 
frost, U supposed to have flowed in this manner of polar sotifluctiwi fmm the 
region of supply* Taking into account the latitude and altitude of Gibraltar, 
both these suggestions seem very hazardous¬ 
ly j J. G. AssDEHSONt Sksiifl union, a component of Bubac-rial denudation. 
JiG* 1906, XIV r p. 91* For detailed, mvmigariom we have to thank Hiffti'ii. 
Hocbom (Ober die geojogucfie Bedeuiung (k& Fmstes, fcf. at. [n, 35]“ Finite 
Iliustraiioncm *11 den geologisdicn Wtrkungen dcs Krosici tuif Spitsbergen* 
Bull. grot* Irum. (Jmv. i Sprain tqio p I\), j, FH&OiN {Beobachtungtn Uber 
den Kinfluss dcr Pftimicndccke auf die Ik^lcntemperatur, Lundt Unw r 
Arsskr. *913, N.F., Afd. 2, VIll, No* 9; Ccografiskii studicr 1 St, hole ilvs 
k&Uoinrade. Sw*ig..g*ul- fWm. Arsb* 1913* V ll t No. 4+ C* No. 257 ■ 

Stockholm 1914) and Axel Bamberg (Zur Kenntrus der Vorgange im Erd- 
hoden bcim Gefnertn und Aufuiuen usw. GW+ Ftirm. Fdth* XXXYJJ, Heft 
5, Stockholm 1915}. A general survey of this group of phenomena was given 
by K, .Safeck (G.R. 1913, lV t Heft 2 k p. toj), 

(14%) J. FfiitotN, fjber das VerhUtnis svrisdicn Vegetation tmd Erdfliessen 
in der alpiiters Region de$ Mchvvcdifichvn l ^applaud. ^tf/ddelandeft Jt Ji /.utidi 
Vnrv.gtogr. Itist. *9*8, Set. A p Nu 2. 

(149) T he sorting of material in the upper rubble horizon seem* tu In: 
connected with frost action. Separation of the mixed material takes pliice in 
such a way ilmt (he coarser ingredient* often form rcgulur rings enclosing 
polygonal areas in which the liner components have accumulated. Hence the 
narnn polygonal soils or ‘itnictUre ground’. Sec, besides the authors men¬ 
tioned above: H, RESVOLL-HOLMSttN. Om jofdbuiilsstrukturer j polarUndene 
og phmtomes fbthold til dem. Nyt Msgm* Saiurctd. X LVI1 h Kristian)* 1909, 

S\\\ Meinaelh.^ Ober cintge cbariktermwche Hodenformen liuI Spitz- 
Liergen, Sitxungiber* m§d^natum. G&alUfk- 1 funster, Bnnn 1912 and Beo* 
bachtungen Eiber Dctriiussonieruiig und Stfuktuifooden auf -Sphzhcrgen. 
XCi*. 1912, No. 4,—G. Mcotsks, Spfccbcfgem jdrdbumLdi ug de bidrag 
dens tmdenokebe har k imnct gi til forxiaacliicEi «v dr i ink lisle Land upir*- 
dende varige islder i jorden. Xvnkngtqgr. Srhfaipi . tarfeik XXIV, Kristj.miii 
1914. It mav be mentioned that F. Klitjt and F. Jaeurh found polygonal 
soils in Era* Africa, the former 00 the Kibo, the hater outride the sphere of 
any influence by fmst (F. KIUTE+ Brgtbmti* dir Fmckungm am Kilhrum- 
dtckm 1912+ chap. V. Berfin *920.—F. ] htGUH* Das tbriihhd der Ri^&cn^ 
1 niter. Milted, dtuiuh. Schui^tbirtm 1911, Ergaimuigsbef14, p. 173)* 

(150) Cluis Darwin wo* the first to notice, in the Falkland Islands, ihost 
low ramparts running together aaynipioiically in the direction of the gradient 
iiftd partitioning the surfaces of rock waste. I lie streams of delHtus- found 

v f.M.L 
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there were described by H. SumsiU (Die Stdnatrflme ckr Falk landing In K 
Iflbrt/uirr OV^t. Sfuthrn 1906) and studied in detail by j, 11 . AmiHlSOx, who 
ttlsn -shewed illustrations of them (Cnniribiuiritp tn she geology of ihe Kidfc- 
land Islands, tt iiiintch. Ergtfo i r sdmed. 1901-1903, Bi 

131 > Lief. a r plates S, 9 and figs. 9„ ia. Stockholm 1937), Sec aLsu Q. Nukzjilh- 
SJCjoLO* description: /3w Poltifutfr uml ikn- ,\ ur.hh tffr iutsdtt fc Lcjpatg 1909. 
There are no rubble ramparts on the Wit glaciers* of Alaska which on the 
whale seems in he a special kind of nibble stream not yet undcretoud fS. R. 
Corps* Jirurrt. tieat* 1910, p. ^59), All tTuu haa been established aboul them is 
that they are moving, 

( 15 1 1 ®- TOttBOM, ftber die gtutagische Bcdcutung ties Fmsies, h*c. ciL 
fn- 35], p. 375. Treat plitttoitleoA in nibble ant of course abo present cm high 
mountains n ear I he summer mow-Hftt Mention may hen? be made of the 
rubble facets in die Atp» (Chr> T^«NtTSER t RM. 191 r. II}, It h also quite 
ptwuaihli: tlwlp in cdAtcni ant! friuthem 'Tibet, the Row uf rubble begins un a 
frozen mb#ud with the onset nf the spring monsoon. In the end, ihe subsoil 
l J saws out completely; but the flow of nibble [xznM&Es right Up lu lire begin mug 
of the dry 4 WDJ&, Further, it must be borne hi mind tbit imtx j year* in 
winter, the region of soli Unction extends cquitarwaids, Very transitory fowl 
phenomena are algo to be expected in the rubble of temperate regions at that 
time (see F, M. Behr, Cbcr geologtsch uichtige FrofltcrsCheiDungan in 
gcjrukttrigten klimatcn, 1918, I,XX, Mocuusberv Kus; 5 7, p. g^). 

(*$£) jkitrage mr Entoicliung dcr Ikrgnsekenformen. fac* aL [n. iqiJ, 
He fn me tltoit Tb, Futile (Cbtr rigentdmlichc StflfUnjren in den Temurbifr 
dungcu dcs Wiener thru kens und riber cine- sdbstandige Bcwcgung loser 
Terrainma^sen, JuArA. kM. gtwt, Rmhsumh Wien iSfi, p> ^09) imd M- 
StNCPK fFlipssttuk Hinge, Zeit&hr. ikterr* Arcbit.-Vrr. 1902, p. 190} 

had already indicated the importmtec of the movement of rubble, 

( 1 5 3 > ^ Ih 1 rpbrjlogie dci \ U-^b wd iblatt l - Stad t rent da. V UttriL pm up. 

G^rlhth. HcmtwTf 1914, XXVLU 
(134) G.Z. iQiy, XXI, Heft p. ia$ r 

f 155) There arc also earlier observations available. see Q. A. F. MuleS- 
UH^Arr. I 'rrkmttngr*Tothttn in Zrnfnil Hmim t Leiden uud Arnktcrdnni 1900. 
Fresh uWrvalnjns haver been oonununicaied by F. Klitte amongst otlteri 
(A'vJjyir^kAar^ 1912, /or, .rff, [m 149J), \Ui^t VV, Volz describes as forms of 
soil displacement in Sumatra ant apparently nothing bin the Sleep paths made 
by game and cattle (Z.G. R. 1913* No. a, p. 1). 

(15b) h«i GuniKfrtH, ( her f^rudoglJudaic Lfschcinungcn f JJergmckcn- 
formeri, fpr. cii, (n, 101J + pp- 81 -100). 

[157) Die Enmehungder StufodandbehaA. G.Z, XXV f, Heft 7 8, p. 207. 
(15SJ See also O* Lehmann's subtly-istadc oheemtiOfii(BibT gteg, 1 landb., 
N,F., _ L Fenck-FrtihnnJ, p, 48,, Stuttgart 1918), 

(159J Resides this, there may often Ikt Decked furrow*, arranged feidc or 
behind one another, which ate covered in by grassy they begin abruptly, 
became narrower and deeper lip-volley p and end ftuddenly. They develop 
after a ihomugh «oakins, wherever water issues it the surface, and so causes 
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link iub'SijrliKc: sticflfm of mud to (tow from ever higher up the valley. 
ArudupoiiH phenomena play a sL^mticant pan on alluvial eoncs ttnJ in alluvial 
regions generally*. 

(160) W. Salomon, Tote l.andstlmfkn und dvr Gang Her kittg&cbfchir. 
HitzungsbfT. A had. Wmmtfh* 191 fi, Abt, A, maih.-physi* p + 1 - 

(t6i) The tiew that various dimatic Condition* give rise to various sorts 
of denudational fnrtm uemet 10 have been prompted In the first place by 
cotnpaH^ma having been tnude hetman portion* of the earth* trust which 
v c?t mu cntnparabk T having iiiuiergmie (lisTcrem tectonic movement*. For 
rvuuipk, hbdtt of the continent*! massif type, in Use geological bl-r ic. such a* 
part* of Africa, were compared with cnistul fr.i^rocrUi that km! undergone 
more vigorous movement„ like the German ] Lighbnds or even the ftonn of 
[recentj movement. We mu&i postpone till later tht derailed consideration of 
iwn further point* which lire apt to be brought forw ard in this connection, the 
activity <tf the tanrf which undoubtedly has n wider scope in arid region* than 
elsewhere, and the dtpcndcnce fhe huir frrt f 0/ ftmim ttprm climate, this 
deutnikkg the interior dunnage of arid regie ma- Here the fcllonitig reference 
must suffice: The base Irvcl of erosion s> not a form, but a level; and whether 
this Itrvc! is continental or mstrine p is of no cnissequenct for the modelling of 
the slopes iribiiEarv 10 it- Conditions with raped &■> the wind are raot dis¬ 
similar There arc only two pbraun earth fa r w hich, up lu tint- present, wind 
action lo am- considerable extern has beers established for certain (the Nomih 
of *uuih-wcsi Africa and the great <m& uf Libya). The wind docs indeed 
influence the level towards which mafl^movemcm and ma«-transport (niin- 
wa*h) stream down, since it lowers this; but it leaves to them the modelling 
of the tributary slopes (see p. 45), 

(tftij See Waltieer Penck, Op. 17. 

(163) See J, W, tiKEWJtr s compibhun jon the use of these terms], G.J.* 
p. ihf Jp l^ondon 19M. 

(jfi 4 ) Following G. K, GtuuuiT ([see] V farphvlagie drr Etdobcrfifcke, 1. p- 
343, Stuttgart 1K94}. 

{ih§) V GbcnOp Kjuaihydrojgttphk, Ctugr. AbkundL 1903, VI I, Heft 3; 
Beit rage ;nir Morphologic dcs dinarisdim Gebirgts, ibid. 19to, IX. Heft 3. 
and elsewhere, 

(166) It is no longer true to the same extent w hen it it a mutter of flowing 
ice, beneath which, since the movement m *0 slow, erosion docs nut entirely 
replace trust acts mi; still less does ii hoJJ for currents of air. Because of the 
extraordinarily low density of the medium these, even when their velocity is 
high, have nor sufficient power to product any eiDStotpl effects worth men¬ 
tioning. So far m there are any morphological trFcvU m till, denudation (defla¬ 
tion) is for more important in this case. 

(167) A. Heim, Vnttttuchmgrn iiher drn MrcJumkmm dr? GfbkgsMMtmgi 

Bd. t. Basel j* 7 «, 

(chS) bet U althl-h ih v e, Op, l6 T dmp r VI, 2, 

(169) Wind activity hot thus no rdntianship lu u lower k-nh AQiIogQ^ to 
the buK level of cfOSLion, sudms cuuld he reduced to a law. On the otlicr hand 
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denudation *nd ciawon by wind do have an ahholuic lower limit imposed by 
thi- water lahte, since moisture so increase’s ific cohesion uf !wsc panicles 
that, even when their tin: i* sufficiently small, they can no longer Lie lifted by 
air movements. 

(170) A, fee* calls this theoretical end position the lower level of deiui' 
dsition* ( Obey Droudation dcr EnJoberflachc- Schrifte* zur Verbs-. witum. 
Ktrintn. 'vXi 11, |i, 4^4 \\ ien 1WS6—87. Dif Undated Jet Erosion uml Dcnudu- 
tinti, i rrinimii. 17 II drutsek. GrographttUfigti, Berlin 1S89, p. iji. See iihw 
irr ErdoUriUklw, for, dt. [n. 1 j, I, p. 363). The concept is itkire 
tteal with Powit.i's hast level of erosion (J, W, PowELt. Exploration of tht 
Lnhtadetiotfn/iht ttrst, Vtieiungton 1875), 

1 * 7*1 I or the reasons which forbid us to keep to Davis' terminology sec 
WAiTtlES fellTK, Op, 17, p, to 2, 

(17s i Tlits b especially the case when the three types 0/ relief a re preserved 
sidc b; .ydc as so often occur* in regions uf broad folding peneplains on the 
summits. Steep relief types era the Hank* of tlw ranges—and when they are 
dt limited one from another by sharp breaks of gtiffienL He* ainuncit othcre 
W. fecit, Op. 1% chap. VJ. j. b 

Ull) A * H™ makes the following contribution at to the influence of 
stratification: foe slopes inclined in the direction of the dip of the draw, the 
steepness increases with the angle of dip, other thing* being |f the 

U FP W niisfntit the strata outcrop on lire sir,pcs, slopes with * nwuntaimvanl 
dip are about 3 10 steeper, those with a vdlcywatd dip io'-jo" gentler, 

limn if the bedding is horizontal, (Ct^ogirJer Sdimny, p. 659, Leipzig 1019)' 
{'74> C ' CdtziNcm, IkltrSgc zur Entstduing dcr Bcrgriickenfomitm. hr. 
dL [n, icij. chap. \ r . 

(175) R. GxadWANn, l>^ Schidiutufcnlaji.J. 7 .XLE. i 9 t 9j no . 3,4 - 

(1761 for an excellent illustration of this, rote the series of pictures by 
Hi IJARTON mentioned below: Preliminary Report on the ecology and 
underground resources of the Central Great Plains, V.s, Cnt'. Sun'. Mf- 
Vaf>,. no, 32, plates47, 5 1 , 54, 48, 50 (A), Washington 1905. 

( 177 ) These then arc the denudational forma uf which A Pot'K suid that 
imitate, j., it were, forms u deposition (Geomoqihobgische SiudiL-n ms. 

der Hemgnivina.Xrtfr.Vir druiick.aurrr, llpetwrr iqoo p a*i 

(178) S. feamtt , G.Z. 191a, Heft a, 

(.791 h must tie pointed out that undercut^ P by, 3 rather important 
pan in the denudation of ev ery dope, whatever is inclination. This is the way 
it takes place: if pan.de y (fig. 3. p. ,37) leaves iu place of origin, a very gtn*U 
niche is produced, the steep back wall of which cannot be maintained but soon 
collapses, lc. it migrates upsbpc and accelerate the removal of rock from the 
position y it a. Such niche will develop at many places on the slope and all 
move upwards. After unit time, they have set in motion the whole mass 
t si s 2. and the new- posiuonofthealopca' 1 iscsiablttheiL 

f*®°> ° * M1MAV ' !“*? itrtAd * v "•* ohsen ations 01, the origin of convex 
breaks of *bpe. tire independent development of the various dope units, 
especially the way 111 wlifch they shift hack parallel to thonsdvH and the 
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type of fna^Ersovcnivjii no then*: Die Talhildung durch Schuttgcrmnc* .-L 
Fnu'k-Fmtbatd m p. 48, Uihl, gecgr h fbudbucEier* Stuttgart 191 IS. This b urn 
investigation unci] util led for delicacy of observation, 

(*®i') k i* necessary in stress ibis, since the divides between the younger, 
deeply incised valleys by no means everywhere coincide with the old mier- 
Valley divide*. The Coniwsetbrw between them cm be particularly wdl studied 
■ m tile KiJs^sine in Line Fichidgcbirgc. Herr 1E1 * afeep slopes a F the vounger 
wnJfflsheda have already in several places worked upwards m Ule old inter- 
valicy divides. In this way the relics of steeper slope Units* the many crags 
which still exist ojs these hitler, crown the precipitous younger silupe* an tlie 
one side, and, on the other, the old JljiLUh slope* which bdm : _ tci- them 
(HaLieitsiein. Haberstrin}* 

(tSaJ Iknec the totally different scenery that m unfolded before m 
observer standing, for example, ill Wtinsrimg, m he looks up valley or down 
valley . In the former caoc lie sees a deep vtlky. well wooded, with steep and 
rounded slopes; down vsdlcjr-— a rocky canyon w ith a sharply drawn upper edge. 

(iSj| W. Poith, Op, 17, p. 95, 

(tfi+I Specimens nt ihe various types of rounded ridge are to Eve found m 
the IladlondB: form* pressed down more or lea* flat, with strongly curved sides 
(great acederaiion of the erosion); and ihe type* more stretched out, with less 
strong[y bent slopes, projecting higher (slighter acceleration of crorionh fwt 
pktt 4|, ill, A in N* Ik Damon"* article (Prof. Paper j*. at. [», 17*]) 
nnd G, K. Gilbert** figs. 2 4 (Convexity of hill topa^ J,G\ 190^ XV [l, no, 
4. p. 344). Gilbert, like \V. M. Davis (AVratrc. XX, p,' =45), consider cim- 
vexity to he the normal denudational form* owing to soil creep, 1 lia deduction, 
however, moves in a circle, since he begins from \Un already completed 
convex ridges and does not explain how they arose l but—taking for granted 
tlie carmetnesa of his assumptions—show* that they are preserved m a similar 
shape once they have arise n. 

(185) Walthbr Pen* k* Op, 13, pp. 49 ff, 

(i8h) II. Sfetmmann, Ztntraibi Min- [907. f>. 747. 

(187) R, GnAnaiANNp D*a Schichlstufeiiknd; it* , at, [n. 175^ £ee E. 

Hlnniu, Stnikturulk 1 md skid puj relic YJtgc im Wtimembctgs. A#-J- 

gtMek, fandtii fr_ ,4AA«/ix//. jj'jji ait*/ 1 1 c It 2 i Ohringen 1 420, 

(188) The broken line / X in % t n. p„ 172, b die vertical from a ridge, 
cncsE or peak, and enables us Lo follow sucEi change* in -.hape and height, 
those of a hill lying an from of an, escarpment. Slope position 13, for example, 
reproduces very closely the profile of the Jail Rocks in N, EL Dahton s 
illustration (An 1 . rii< [n. 170]^ plate 4 H} r 

(189) Ikr Lmngn. Hair. gtvl. Krftmdu deunrh. Schtfng ( ^., Ik ft 17, pp, 
£21-222, Berlin 1919J. 

(190) Thtii may also he mailt dear with the help of %. 7 (p. 158). If the 

slope unit t rcpreAciiia the maximum gradient in j mck of slight reaistanvc, J 
that in a struoger rock, it taohvioua [Jut an mglr nf sfopc atidi aac i* dcsdojioi 
and main tained when the general base kud of denudation falbhy thr amount* 
J~4« 4"j- while the steeper slope (corretpundiiig to J) in iht 
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stronger mrk requires, on the other hand, a greater String (in unit time) of 
the base level of denudation. 

(1917 See A. Hettkeh, Rumpfltachcn und ISciidnmmpIlftchcn. GZ, 1913, 
X.JX, Heft 4* p, 1S5. 

(19a) W. M, Davis, An excureiun to the Grand Canyon nf the Colorado, 
Bull Af*#r. rtmpua Ztel&gf, XXXVIII {GcoL *cr. V. No. 4), Cambridge 1901. 

{193) W. ScHitJrnKNNER, Die OberflaelKngcsldtung da nurdlichcfi 
5 c hwafiwal den, Z)fw . Karlsruhe, 1913. 

(194) H. Hewn to* foe.at, [n, 187], p, 54. 

(195) The general umngctncnj of the geological outcrops is stanu n l/i the 
CAotcVAJsAcu bn bv C. Reuelmann, Wurttemberg und Baden 1 : 600.000 and 
by C. \\\ Gumiul, Bayum i : ioo.ooo. Sheet N XII. Xlll t XIV. XV, XVI, 

XVII. The morphoEogicaf relationship can be gathered to sqihl- extent from 
the sheets of thr 1 : 25,000 Geological Sp&mdu&tm for Baden, Wurttemberg 
and Bay cm, For t he arras considered in the text, see particularly sheets i 10* 
in, T2o, i2i, 132, 133 of tiie Grand Duchy of Baden. 

(196) In addition, there 1% ho enclosure by rather steep slopes, since these 
hale been replaced by tfatlish fmii This mrum that when precipitation 
occur*, the surface run -off is likened with u cotraponding gain to mhlimirni. 

H97) R, GDahmann, Das Sehichistufenhind. Z.G.E. 1919, p. 1 13. 

(198J E. Scum;, Zur Morphologic derschwlbiseh-frinki^lien Suifctikind- 
schaft, Poach* deuttdL Lajitla* und VoBakmfa* XVI 11 , Heft 4^ p. 365, 
Stuttgart 19(^9. Just as Utile consequent m this sense is the drainage system 
of the Roth-Bren*. diverted by the Kocher. Its origin preceded the «in r tng 
out of die frCurpLands. Since lint began, I.cl since the main lines, of the drainaip: 
net found occasion fur more intense dmvncuttmg, lateralbranches of the Rotih 
Bnw (which apparently wu not captured by the Kocher dll Pleistocene 
times j have progressively penetrated the interval Icy masses anti are still doing 
so. Meanwhile, on the summits of these, diene developed and continue to 
develop the penepknt* (above the Stubcnsitndsteifi scarp and the Lias scarp) 
with their own special drnimigr net. To tomt extent these lateral branches 
follow the direction of the main entrenched bi reams from which they srosc, 
anti hi* mu against the slapc uf tltc **rarplimd pt*Heptanes which were being 
formed in the meantime. Their penetrating into the foundaunn of these does 
nut follow die line of the valley troughs which genetically belong to the penr- 
phmc3 T but those of their own less deep tv sunken earlier stages. 

1199) W* Boft^UAftDt, Zm Oberjfdcheagestaltur^ and Dcutich- 

Omfrdws, Berlin t*) 00 , especially pp T 27, 34, E. Qa&t, Das ahfltissltwe RiunpF 
sdiullenLnd irn nord-nsterlichcn Ueutsch-OstafnlOT, Milt, Hamburg, gtqgr. 
Utsethch. XXIX. 1915. W. M, Davis, Observations in South Africa. BdJ.S.A, 

XVIJ, 1906, p. 377. S. PASSAttq*, Die Kalahari, Berlin 1904. The same. Die 
rnBelberglanrischaftcn im Lrapkchcn Afrika. Sa f.-ferb. IVochtnxhr* 1904s p. 
<* 57 - A layge part of the extensive literature Juu been listed by K. OiiffT, RM. 

LX(iJ« 1914* p. I77« 

fioo) Thi itate of affairs Ln con aide ted to Ise expressed by the Uttii 'Rest- 
ber^\ introduced by ;L Svpas {Grander dn f>h\ti$dtrm E*dkmde< 5. AuH„ 
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ton, p. 6S5; us wdl as m Davie-Bra^n, II. i^St p. 44 anil 

elsewhere) Liter 5 uJ>an spoke of vRumpfrcstbcrgtn' und Oust {TerminO- 
lopie trad Klassjhtutinci dcr Bergf, 7 * 3 /. 1914, p u 145) of J Rmnpfbcrgc rt r * We 
keep lo rhe striking, purely descriptive repression ’Inselherg'', understanding 
by it dctatipnfl boutided by denudation surfaces, and rising isolated above the 
farther detruded sunTunulinpjs. We do noi associate ii with any ititerp relation, 
capecudly ntmr us regard* the character of the rock {stratified or ma^iver* with 
disturbed or flit bedding, having a greater or less resistance to dcuunhrinn)* 
If] 1 he course of the investigation it will become quite evident that insdbergs 
arc ^ form-type belonging to ivanmg development: tliey do not appear at all 
with any other kind of development. 

(aoij I 1 assuage at first supported the hypothecs that penqdanet were 
due to denudation by the wmd' hut Later he gave it up. In vkvr of the slow 
action of aetrfmn denudation it was i]cctmn p to a&niine u long desert period 
during thu Mesozoic era within which the African inselberg landscape* were 
rfniught 10 luive originated (Rumpffliichcfi uml Inselberge, Z.D.tr.ii. 1904, 
LVl* Mnnat&hcr p, 193; ihc same: l^ysfojqgwhc Morphologic, $ro!p t 
Gtstikek* Hamhtitg XXVI, 11)12, p, *33, «pcdall) p. 179 If.; also <>, Hire kkb, 
Z.D.GrG, I VU, igQ$i p fe 175), Liter U M. Davis {Dir rrkbSrrndr Btschm- 
bung drr Ldttdfomm . 1912. p. jWd and Eni, KiUSA {Uhrhunhdrt uUgrmrmrn 
Grt)lugii\ 5, AuM. tgttf, p, 28ft uud p. 57S) amongst others vefimndy con^idcfed 
the idea of oeolkn p hunt Lon of the land C, Keyes, dispensing with any closer 
investigation of the processes of denudation in arid region* and uf denudation 
surfaces themselves, put forward the thesis that in such arena denudation by 
wind surpassed, in its force and aignilicance, all oilier denudational processes 
taken together, m spite of the fact that in the Bad in Ranges a* elsewhere the 
nature and airangcmerii m ibf:w tmrfuccs, the way in which they slope in a 
constant direction inward* e heir baa ItveU of ertisiun contradicts,, in a per- 
fctllv unambiguous manner, rirj notion that dcnmhtinn by wind lakes even 
a lifUicfiEhlr share in the work (Erosions) origin of liras Basin Ranges. ] (J 
XVIJ, no. 1, 1909. p. 31). F. I:. StiES3 t> >Hq wed ibis up by ascribing to wind 
action such superiority over cmrion and oiher processes of denudation, a* 
tegardfi its power uf pencplanatbu. ihat he eonsitirrs times when the climate 
was humid In he times w hen denudation WM* retarded and hindered, 3 * com* 
pared wilh what happened in period* of aridity (Zur Dcutung dex VertikiL 
bewegujigen dcr Festlandcr imd Mecrt. GJt XI, 1921, Heft 7-8, pp, 372 i, 
especialJy p- 374}. Actual obseruinw, on the uther hand, learhc* us quite 
otherwise, Denudation hy wind, where its activity is nnt exceeded by that of 
streamlets, lead* to just the opposite result from plunatbti of the land, 'Hus 
has hern convincingly espoimded by H. Ci ws (l) C r Erangn. Itritr. tfr/vnek. 

Sthiixgehiiitf' IIHt 17, especial l\ p. 21A and follow ing* Berlin 
and E, Kaiseh tor the NamLb of south-west Africa, one of the only two places 
on earth where fit has s.^ fsir Uku f>nncd with reruiuty thnt dentnlation hy 
wind lias hod a hhatr in shaping the 1 major lund foirruk If is ttsai .% matter of 
etmrsr artd a uceessdry result. wl*eu otic MUdic* ilic lung series nf nhnefvaiicktti 
that have been made on dcnudatf^nil proce-yie* in arid regions, and espeditly 
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those on ibo nntiirr- an l! connection of the nod lVr> uniform inrimtuian 

t&wp-di tfir Aiifw" ferr/r r?/ rtmioit. These* in arid lands, are to be found in rhe 
lectoncCiill v formed depression^ which nrv uiodtj basins of interior dramacr. 
These stupes can be formed only by Midi gravitational streams a* ding to the 
surface uf She Sand, and they prove that even in the desert the activity of 
occasional tv flowing rtrtamlete and the cffcas of num-niovcmeiii far surpass 
the tlemidutiomd activity of wind (see pp. 24 [ Ji?] and 45). 

(202) E. KaenkUt* Uher den Ban def Jnficlbcrge Ostufrikaa. NuL-wiis 
Wuchtusvhr. XIX. no, 24, 1920, p. J73. Set also the fqllowtng illiwtratior^: S. 
PA^AJttrs, Sudufukti, Leipzig 140hi. tlir upper illustmidiJ of iho pl*tc opposite 
p. SS* and plates opposite pp. 1 i 2 > 272; also K. f Iassert, Bcitragc stur LamEes- 
kimdc dcr kfrashochliindcr \ord\mtkstucmns L Af/x/erjL ifrtr/rrfn .VcW”- 

l.rg. 41 . 13, Berlin 1917+ illustrations if), 19; F* J aegrh^ Bejtnige zur 
Lamlcskunde von Dciitsch-NudwcsiaFnka. MitttiL dfUttch, SdtHtzgtibicfen t 
Ecg.-H 15* Berlin 1921 r ([lustrations 30* 33, 34; HL Cloqs h Der Erongn* Iqc* 
df, [n, 113j B plate III, illustration t; plate \\ illcatratiojii i P 2; plate Vi, 
illustrations 1, 2; plate V 1 H ( itliHtration t; K. Qftsr, Ltas abflussJose Rumpf- 
sdiollenbnd, for. at, [ft. 199], illustration tg; K_ WaITHEH, Lin™ funda- 
mimEuks dc la cstructur* genfogica de la Rep. O- del Uruguay, Rtr. !mi Nat. 

. , Mdnmvkktv 2nd «r. t no. 3, 191 y. plate ], illustration 3; plate 3, eic~ 

(203) TBw can also be foil rawed excellently m rise Srarphndt p where there 
lire valleys sunk in specially resistant /ont* of Muschelkalk .ind Mains jv.^- 
risc valley of the Kochtir in WOtitembcrg, die v alley of rile Wicsent in the 
Franconian Jurai. Below the break of gradient in die [ontgimdkiml profile 
{treated aboveL the sharply incited V-shaped valley# .ire narrow* steep Lind 
rocky; in the middle course they arc wider with the gradient less, canyon dike, 
accompanied fur lung distances by walls of rock: in the lower course they 
become wide 1 rough-valley*, the n>cky walls of their Hanks having become 
compfctdy replaced by tbeir basal slopes. These Salter lead right up to the 
mnraslj curved edge uf riit trarpland peneplain The ramifdng lutcral 
brand ica have the adme elumeter js rlwt pressed by the main valley at ihc 
pbcir where they join it: he, Along those debouching Eato the lower cmiret of 
tlic main valley, ilu: three lections repeat iliomdves np&hxam; trough-valley* 
canyon rocky, ihaiply ui cised V-shaped valley. KattrraUy only this Ism i* 
developed furiEic whole region of the tipper cemree of the main stream. Thin 
arrangement shows that the eroding |K>itJoa, which now works at the upper 
ends of the *ntr*whfd valley syslem. iiaa successively passed dong all parts of 
the river—ftrsi of all ihe lower course which it left behind u longer tgo than 
the middle course ihmijgh w hich it passed only later 

(204) Compare the description of the valleys of tire Erongu by II. Cloos 
(foe, ni h [n. 113]). On 3 *mal! itdt the brungo, which is perhaps the best 
known in*d berg, affords an excel Jem opportumty far following the inert**: 
in density .4 the vulfov u& Y the dmmegrstian of ihe mtcrvalley spurs into 
injj tbercs of a lesser order uf magnitude, and thtir denmlitinn—in ►lEinti, the 
whole course of waning dm elopnicnt. 

(2c^J I hi* still holds inir at tlir prescjit day, without any roersatiom. for 


NOTES ON PAGES I 94— I <j6 329 

the insclbcjTE iinchcapc of southern Uruguay, draining to the Atlantic Owao, 
as well m for those of Africa with their interior drainage. On ihe relatively 
narrow strip of German south-wear Africa sloping towards the Adamic 
Ocean, typical inselhcrg landscapes art undergoing more recent dissection, of 
post-Upper Cretflccdtta age (F\ JxEtiEk, eit fn. 202f). According to IL 
Cr-OOS {be. aL [n. i t j |>, this become* noticeable as far a* the ntighbeuriuKKi 
nf the Erongo, taking rhe form of bohred erorion furrows, which arc mink in 
the pencplitne that, over wide stretches, instill completely intact 

(iofi) I J. Spetiimax*, Zmtitxlbl Min mjc>L p, 747. 

^207) 1 he similarity in composition between many in&cIhergEj and their 
pefUpkmatcd $urmimJingi, especially in the Fatu African examples- has been 
stressed several time-15. (F. JasvOkh, Geogmphieche iorschuujycn itn ahHu*$» 
loscn Gcbiet von l icuLttch-Ostaftika, Vtrh. i£. Dtvt&her Geagrnpktrttug 
Inns&mchi Berlin 1912,. p. 26, The same: Das 3 loch land dcr Riescnkraier, etc,, 
MiitriL drUtsth. SchuUgtfoeti rw. lirg + -ll-4- Berlin 1911; Erg. 4 L S, i 913. E. 
Ol5?T h VorLinhge Ikricht* 1 fV der Ortafrika-Expedituin. Mitreil . 
Gmilich* Hamburg 1911-13. A. Holmes The pfecambrian and *ssi>ciate?d 
mtka of the district of Mozambique, Q^GJS. LXXiV* 1919, ho. 293, p. 31. 
etc,), Closer investigation usually shows that amongst the inftc I bergs exam EneJ 
muii^d not ki of resistant rock arc the exception mi her than die rule. Tins 
statement of ilicir nature as resistant monadnocks is ijcnerally based mi a 
vicious circle, such j> A. ITittseh has already deprecated (Dte Qhtrfidchm- 
Jormmdts Festkindts, Leipzig 1921, p. 134.)- Amongst oilier example* arc most 
of the dome* that ri.se above the penepkne* found on the summits of the 
German Highlands, such as Feld berg in the Utaek Forest, the Brocken in the 
Hara, Ckbsenkopf-^clineebcn; in the Fiehtdgebirge, Fichidherg in the Iks- 
gebirge etc. Their existence ha* absolutely nothing to do with the properries 
of the rocks; it is by the vrry absence of such a connection that they a to to be 
rlhrttngUtiJbed from neigh bottling resistant monad nock v which ire jHAUtiated 
with cemiTi types of iwck, nnd tcith them only (in the Harz. for rtample, 
definite pam of I he metamurphic schist* enwrapping the granite, nr iht 
Devonian quartzite). I'eldborg and its auirriundings conriM of ihc same 
paragnds^i, the Fidttelgebjrge granite takti is great j share in the build of 
the msetbcFgs as in that of the sumiundim; p^urplane, and die granite nf the 
Brocken constitute* ihn heights as well a* 'he idjuiniog parts nf the pen^- 
planr. TTric grainte f>osi of ThaEe hes completely In:low thie. We shall return 
to this group of phenomena and its interpretation. [Section an the fTar?, pp. 

197 ff-j 

(208) K, WAt-TttERf Juntas fin idani-cn tales. /«:. eit.; I*. J* IkwiiK, Nofdwett- 
aniazonia. Dissertation, MQnchcn 1919; 1\ Ka mu, Grintdzifge dew lieuhtgiedrs 
tmttnm Anuaotutsgr 6 irfrt ¥ Leipzig 1903, 

(209) Out (Jesetszdrr Wuitot&iLftttig, 2, Anil. Leipzig 1912, \\ 217. 

(210) In addilion lo ihe liuthms named, F. TllDtuOr.ttE R Die fnuclhcrg- 
landAwhaft von Sord-Tikir, Breslau 1921, p. 213 {Zvs&fj i^ndtrhmdUche 
AufsfitZr ww Si'JtuIern ,L Ilrttwm ihrtm Lehrt* zitm 60. Grhutgttag) and J ; . 
Bsms&n, Chtr die Entutchung der Insdbcrgc 4 tid ^icdatufcn, ixvanden in 
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Afrika, imd die Eriwfeung ihrer Form. Z.ILG.G. 19,ft, Monatsber. do. a -ii. 
p. is+ Bmh come to the Conclusion that die insdbtrg* have certain I v arisen 
im.hT present day climatic conditions. The great importance of rainwash us 
* eH a » of f|,[ retreat of steep slope units has not escaped Hi tnmxij i n parti- 
ojlar. ami he quite rightly points out that the ateep setup* at the edges of tj ]( - 
nft vullcv in Kjei and Centra! Africa, need not necessarily oainu'itle any longer 
ivith the fault lines along which they originated, but dial they may hair- 
receded. It is not therefore permissible to conclude without further tmeriga- 
tioti as is often dotu*—lJul steep scarps arc fault scarps. The decision as to 
whether 1 teasure is a fault scarp nr a denudation scarp (i t. a valley slope 
h:i± receded) can !m- made rmly from detailed geological investi£a(irm& 
whu h m £wiLfr lacking furthii! region. 

fen I A. Hettnrr, lhc fMerflurlmiJarmrn <fn Frttlanda. loc.rit. (n. 9], p. 22. 

U12) U. L. t-’ou.ic-, Plateau of British East Africa. ll.G.S.A. XXI 1 1 
1912, p, 297. 

(itjJ Besides the official Gentian map 1 ; too.oco (sheet new. 335-337. 
360-362I, a good idea of die country out be obtained from the mhmtelurhtm- 
kartrdfi Iforzrt t : 100.000. published by the Prussian Geological Surrey, in 
connection with die geological Cbenkhishirte of tlte note stale by K A. 
I^k.v. For what is to follow , ace especially sheet Zeller fold and Har/hurg of 
PruMoan jjtoln|Tic*j| Spt'zmlhixrjt i : i^ooo. 

(214,1 In the higher parts of the Hart there arc at least iW »f thr 
wUrtfaUty divider. 

f") ^ tbe pent-plane which, dose to the cent nil mountain! anil, is somc- 
what over 600 metres above sea level, and sinks very gradually eastwards t,. 
an average height of abou t 500 metres in the region between Thule and Stu!- 
berp, The level plateau* t>> the cast an- prohahly not a direct continuation of 
the ume ptncplanc but represent a lower pencplune level. Conclusive observa¬ 
tions on this point are lacking, 

(AS The second main lev el rises toward* the Hrocfem from uhom rj* metres 
to an average altitude of 85c metre*. It l, especially well developed south and 
wcs( *>' thc l, * i ‘ ca » P :,rts o{ liic country. Tire lower elevation of rhe central 
motmtamlaud belong to it. They extend a* broad, extremely rlut plateaux 
which contrast sharply with the sleeper slopes leading t., the sunmtnding 
fH-rrephinc, as well as with those of the greater ekvatinn rising above it. Here, 
undoubtedly, n is a matter of fragments all Irelonging to a Ikttish relief which 
surrounded ihc highest parts of the country in ihe same way ax it is itself 
surrounded by the lower pent-plane* Volley 'dissection lias long b». t .„ t-amtiug 
Its progressive K^datioti fmtn this pem;p|jLne K 

(c) the highest level ihar ran he distinguished is formed T>y the Brocken 
ami iu m ighbnure. in so far ns they project above the 900 metre datum line 

(215) W| ]e r Cl however, higher projecting parts of the country arise from a 
pcmrjMne. the conravt sloju-* reach right tip to the interviillcy divides pro- 
vulw.l these do not have on then, still older llattish form* belonging to a higher 
Ir-. el. I hey then intersect m sharpened crests on which, in a regin,, „f granite 
tors arc superimposed os relics of steeper slope units. 
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f2i6) (t moot be stressed here dial these breaks of gradient are in no way 
connected with resistant types of rock, in addition lo the breaks of gradknr* 
which aix 1 completely independent of the nature of the rock*, there are others 
obviously condi tinned by the occurrence of strong types o \ rock, [beaky uf 
gradient of the tirsi kind have a cofTcftpunding imngemtm as regards the 
relative uitimde of analogous steps and their number, tor valleys which are 
similar in origin. The second type i* bound up with bcal condition* and (foe* 
nnt fit into the system. 

(1*7) The official German map 1 : iog.ooo, sheet nos, S33"i34- S^SM- 
440-441,467-468+ 401-492, in connection with tbc geological UUrncktikarU 
bv C. W G( \w s - tor the bavarian s t&o^ooo, sheets XI mid XU. and tint 
of H, Chhdnfr for 1 : 250,000 of Skinny T arc adequate for ibis survey. For 
the districts in Prussia .jjjJ SaiOQy the geological Sp*zitifkurtt/i 1 : 25,000 are 
available. For what is lo follow* lice especially the following sheets: Gntdaht, 
71, sheets 5, n. 12. 16. 17* l&* 21. 22, 2j, 24 T 27* 28, 33, 34, of the Pmg&uln 
Sprsiuthnim nd sheets 133. 134, 142 of ihc Saxon ^pcmfiifcairfr, 

{21 H) r rhu& the tors of the Fichtelgebirge —also within (be granitic region 
ate connected not only with a ddiElite and closely demarcated xonc which en~ 
circles the highest elevations, hut also with ,m accordant level: Haberstdn 
869 metres, Hurgstdn 840 to,, Platte B83 in., Rudolf mein 866 m. t Waldsicih 
878 rm llscse tors are'bet on the top of the uncrvoUry divides of the P* 
surface. Outside the 20 ne of tors there is no clear indication Thai a higher 
projecting nunmtainlaitd ever occupied the place of the P } mufurc which 
stretcho out very much further* The character of an end-peneplaiic can be 
ascribed with certainty only u> the pam adjoining the highest elevations. For 
a lower level of tons, see note 220, 

(219) Their fiy-out makes it possible to distinguish differences of age: dm 
older ones start from the P 3 surface—to be discussed presently: the younger 
ones from the valleys sunk in that surface. They are steeper, have stretches of 
greater erosion id intensity than their precursors, and where they reach up¬ 
wards into the track of these, the side branches posucSs a broken, on the whole 
convex, longitudinal profile. This la the case, amongst other example*, on the 
east i!ank of Hchnechcig, up to which there reach directly not only the Pj 
surface, but iirio the incited course of the RosJull 

(zao) The tors of this Irnrr AW urc noi wf on the inlervaltey divides of the 
l 1 * surface, but are cut mil from its main mass, and crown the inter valley ridge* 
uf the P 3 surface. The highest tor* of this lower level thus lie jiut ArAnr the P* 
surface {Matzen 814 metres, Eppifxhiiicin 797 tti.) and the lowest just above 
that of Fj, and so at about 700 m, At various places the concave slopes rising 
from the P a surface lead up to the tors of 1 he higher level, so that it looks as if 
they belonged genetically to them (Grosser Wildstcin, Rudolfsteink This is 
not the case, as can easily be seen at Eurgsfrin and Haberstcin near Wimgxcdeh 
Adjoining the tors, there are still, on the one side, fUuish slope fragments of 
the P t level, belonging 10 them, and on the other steep* younger concave 
slopes reaching up from tower altitudes. 

(221) The Pj surface b bordered abo^e and below by zones similar to those 
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fat llw Pj surface; thus, like I he I tiUer, it belong* to the stone flats, and it a Juli 
trvrmlrr 0/thipisdmunt ituinnty. Tiiis make* it certain that (rust of those parti 
lyinjt outride the rone nf it m, and definitely outride its. peripheral continuation 
which has since disappeared—are no ertd-penepianes hut arc oi the nature 
uf tile P, surface ur the Hit: penepbme. It can nn longer be directly catab- 
lishcd that the same lurid* for the F t surface, hut it may be deduced from 
genera) 0 inside rations which will be investigated later, 

(aa2) See ■diuutft f ittfell and Luuau {(fradaAt, 71, nos. 34 and 28) of the 
Prussian geological Upeziatfuirte and sheets; Haae-u and Piautn-Pruisa (not. 
*33i '4-h'f the rtdxun ge.jlogical Xfitssialkatir. 

(223) See sheets Pihmitz, Xculcnrodc, Naiissdiau of the Prussian Speswl- 
hattr (Giadtiht, 71, nos. 2t, 12. 23). All statements as 10 direction 'north', 
‘northwards', etc., are to he understood in a general and not in a special sense. 
-is also in the preceding and following re-murks. The statementsas to altitude 
ate the average values iV.r the heights of the intcrvoliey divides, 

{224I Sheets Weiiln, Input and Waheradorf of the Prussian geological 
SptniaiharU {Gtiulukt. - 1, nits. 16,17,18). 

1235 ) I'best deposits transgressing over the Elstcr valley have only reecntly 
been recognised as belonging to die Lower OligoMnc, The older surveys still 
give them iw early Pleistocene gravels and sand. See sheets Wcida, Naitschau, 
Gieix of die Prussian geological Speziulkme {Gredebt, 71, nos. 17, 23, 24) 
and Pluuen-Paiua, Trcucn-l ierksgrtin, PLiuen-Obriir?! of the Saxon geulo¬ 
gical Spfzialkortr < nos. 133,134,143), 

{2261 In the latitude of Pliueit the floor of the old vulk-y lies about 100 
metres tower than the divides between the tipper fourvr imdhtathcaur tomchet 
or the valley m:i belonging to the V, surface, where it enters the next higher 
siep north-w ijsi of Plaucti. This difference in height is nn greater than is found 
on an undulating penc plant at the edge of higher country. Towards the north 
it is reduced to about ho m. above Went. The traiugrcssion of the Oligncem 
naturally did not reach as far ttmtb or as high u P j n the region of the divides 
between the main valleys m in the main valleys themselves. In addition, the 
superposed OUgoccne has since been considerably denuded in the parts away 
tmm the main valley. Both these conditions lead tn the result that tad riv the 
MjuiliL'mmoai relics nf the transgression arc found on the peneplain- iudfai j 
level about je-te m. lower and only 35 kilometres further north than within 
(lie main valley itself, 

1^7) l\ r I'lEii.irE 1 ! was tihe lirsl to recognise the daie of origin and gtineml 
clionictur uf the Landscapes tindL-r cniuidmtbn (Olicr die priiotieoziiie 
LandobertkcLe in I JiGrmgen, Z.D,G.G\ LXII. i 9 ,o, r , 305); aa d with him - 
although lie though 1 that it was a matter of a single uniform peQCphme one 
can call the land surface generally pre-Oligorenc. it is wrong to ascribe un 
nligoccrifc age to it, as R R«SM1 S, led by general consideration,, has done 
(Ziir Morphologic des nonlwistlidien Rcfctncn, Z.G.E. it,! ,, p, 3^, 
utvesdgnion of tire morphological relationships and especial buffi he unnac- 
mem. bediUng and frciwofthc Lower 0%>«a* would very mem have brought 
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to light ihc error of that determination of age; hm st would also in particular 
hive destroyed the ussumption thai it was a pertcplane which antx as 

<j Uhai n considered a possihh gmeralisaiiofi—extended over ihc whole of 
the V'eniral ficrmui Rise a* a uniform "Germanic peneplain' p (Qeutfrhfond, 
Berlin i$i(k p. s8j. TTlia Pectmstrunion finds no support ftom actual observe 
lio», 

(zaft) On some of these valley floors away fnim the Raale valJry, tfuvhtlEc 
deposits uf great antiquity occur. Thus near Gnuaibruels, -totitJo-wcsi cjf : flrtf, 
w thick soil profile is to E>c found on the top of ihc deeply weathered grids*. 
The higher loamy horizons pass in to sand} loamy beds with inte repented 
pebbles and rounded blocks of local rock material (quartz, gneiss* quartEire 
schist* serpentine). This intimate combination with the soil profile, wit I its 
restriction to a valley floor of the T* rage, make it very unlikely that the 
deposit* belong to the Pleistocene period. 

(2291 In this respect the contrast with the upper course regions* c.g. near 
Be til buz nr ftpurncek, 1? impressive. Here the am vent slopes of the younger 
side branch^ tall quite into the background; and concavity dominates the sets 
of laud form* wen cm ihc *iininiits and rn the viUIcvb, pJsl a£ in tho tones near 
Hof, which arc uhovt the younger tncuinni. The wiagc* of greater deepening 
lave apparently not yci eaten back into the above-mentioned upper reaches 
of the Saate, but there the river still flows in a valley uf the T 4 stage, 

1229a Probably \\\ Penck: Die PicdmnntJlachcti dri sudiiches Schwar/- 

waldes. Z,GJ$\ 1935, pp. #1 10S.J 

(2301 A further indication of the existence of intermediate levels seems to 
be that, in the immediate ndghboijrhood ofjibe elevation* still showing the 
l\ fUftncc, tors appear p downing the inte rval ley ridges of the P* surface. Tltev 
seem in reality ta be remains of an intermediate level; for it is difficult lo sec 
haw the highest eminence* could have, in one pE:ice h already completely sue- 
cumhvd Iif waning dctdopifienl, whilst those in tSu close?r proximity uu still 
very far from having done so. Yramurionat of development are nut met 

with* 

(231) For the proof of tlieir existence and the elucidation of ihc general 
conditions of their formation sec U\ PiLVtK, Op,, t6imd Op. ij m 

(332) Sec the geological Btu/skhtiAnrfr of Saxony 1 : 250,000 (H Cheh- 
nerJc and for what follow* the geological Sp^ziatkar!? of Saxony 1 :25,000 
slicets 4, I h iK p 29* 43 ± 44. 59. 60. 

(233) See sheets Coldiu and Grimms. nos. 44 and aK of the Saxon geolo¬ 
gical Spr zitiikur f r. 

(234} In addition m white pebbles from the Lower Ubgpcene gravels 
remains of while clays .md sands are sigmfkanl. more pardculiily the so- 
culled Knailemlrittft gigantic block* of quartzite (concretionary indurated 
band), which are found in them. Soisihe fcAuJintadtitm of the quartz porphyry* 
which is restricted to the ^aftrs lying omk meath the Lemur Oligoccnc and 
hit a in* a thickness of several nurim 21 ihc bottrum of the prt-Oligoccne 
valleys, zb well as a perfect degree fof kaoHiuJUtiinn | (saegar days)* 

* /fo#jFp/*6cj if 
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(335j See shtrtte Wum-n ifut TtialSwil^ non 4 jehE 13 nf the Saxon ideolo¬ 
gical Spt zmlkarif, 

123 6) Thus- in the Bohburger Mountains, the northcmmosi group of imd- 
hergat in tl it highland sections comudgrefL, one finds above the valleys of the 
Pi level fabom 120-1 jc metre*} the intermediate level hi 150-160 m r : and 
between ihLs And the highest imhdbcrg*, Ihl- truijerin^ 10 the Pj Iced (average 
altitude 230 m.), other in&dHcT^, the flam's h summits of which me at ahmit 
200 tn. The hitter obviously belong to yet another intermediate level. 

(337) See sheds Tatuicbcrg, WilsdmfL Freiberg urn 3 Tharandt, ma 64, 
65, 8y„ Si of the Saxon geological Sp*ziaBu*rtr 

(23U) For example* u ruler the basalt uf the Landsberg, A s in the more 
western section, so abo cast of the Grnnulitgebirge, the I 1 * surface rises from 
north to south, In ihc latitude of the Gnuiulitacbirge, m. interval Icy ridges arc 
at an average height of 300- 320 m. (the same attitude S 3 i* found at the same 
latitude in the region of the Zwickau trough); southward^ they rise very 
gradually to 400 m. (region; Longhennersdorf— north of Freiberg) and 
slightly over 510 m south uf Freiberg; see sheers 63-65* 79-81, and 98-100 of 
the Saxon geological Sp^zutlkortt. 

U39J Erhiuh'nmgm ~u ffluit Frtiht>rg-Lun^hmtifftdarf by .V Sai:kh And A, 
RoTHPi.rr?-, 2. Auft,, by C, <xAiieut, Leipzig 11)06, pp< 37 3K. 

(240) Sheets Brand and Lichlenfeerg, no*. uy of the Saxon "eologtcul 
Sprzitiifi*u it, At the scarp, the intervdjc) ides *pf ihc P t level lb .le a mean 
altitude of 5*0-520 jtu* ihose of the higher levd a! about 570 tn M Hearing 
ishmd-like devotions rising to 620 m. 

[241} F. Kofcfc mat, ^rr Gtologu van Suchirn, Leipzig 1916, Iv. 

PiET^cli, Ertfiiilrrnfigtn zu iSlaft Pirnu t *- Aufl. p Leipzig^ p. 69 and ebewhere. 

(242] Or v, Liwsttjw, t;orerauchungen iiber den Region dcr giustcn 
Rrddetrangreswon in Oeu tech land. Jahrk pmur, $£&lag. Landfstmsh XXXIX, 
Tcilll. Heft I, Herein 1919, p. t. 

(243) J, Wti«ELt, Die miueloligo^ane Mcetcstnmsgrrasioa usvv. Stein* 
bfttfht Heft 17, Berlin 1921, 

\ 244.; From the way in tvfitch the ^climcntJEinn of the cwruinenuF Tertiary 
bech ends off. Tin TauilEtt (Die Bildung dcr BnuErskuhlenOckt: im Senftcti- 
bcrgtrr Revien Mrtiutzhrfile igzc T nu. 44] deduced the netting in nf msurvtancoiLi 
sudden subsideacta following on preceding slow secular subsidence* ff this 
h rtplaced pimply by Increase in intensity uf ^ubsidemns\ it may in fact pro- 
*; idt an explanation for the strikingly simitar development of the facies which 
h to he found in every prank of the continental Lower OUgoeeue. See aLn R. 
L\ng p Die Lnt^tchcung von Briiunfcohk urn! Kaolin ini Tcrtiar Mittd- 
deuischlunds* Erdmann, Juhrh. BaHtichm I’erb, Erfmefr. mitti'fdauiichert 
Bodtnitfuiizr am.. Heft Z, p + 65. 

( 245) Part of fFie relevant lifcruhtfc h to 1 w found collected in Cl. LebUNc, 
Tekiotmche Fowhungen in den Ap^ifochien I J. f;.ft V, Hefi K p. s h 1915. 

(24b) R. Willjjt. , Round aliocjf As Fit? villi,;, Atii. &ttsgr< Mag. J h 1^9, p h 291. 
\\ , M Davi:-, Hit geological detes of uiigbi -! L^rtain lopqgi-iiphic fornix on 
ihi: Adamic slope of the I -S- &JJ-S^rL JL p 545, 1891, 
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(247) Sec iHusrratkms 1„ C. Glenh, Pmf. papt-t 72, Washington 1911, 

plaie* 5 t _v 

(24#) VV , M, Davh 4 Thetriiisdc Id remit ion of Cm meet kail. Ami. Rep, iS r 
L'.S.gtttl. Aunt'. 

(149) An exceptionally fine i IJust ration in L. t_\ Glenn p ioc r rit n [n, 347 j r 
plate 3 k r 

(150] From Lb&UHO 4 * account one gets tbe impression thdt in New Turk 
there is an intermediate level, the Highlands. bftwtta the piedmont flat mnA 
the Cret&ceoua pencplame* 

(2ji) Of course, this mini of be mid positively* so Jong as the under surface 
of Wit Miocene transgirairm has nnE heen more doftdy ifivi^fiy.iiej. The 
overstepping of a tmnplci: nf bed* on in a pentploms still docs not determine 
Ihc gcsikfgictU period of rU origin* Herr 1 am having in mind the Lower 
Oligumic transgression in 3 &jcq n v. 

(352,1 C W. llAVi - ami M- R i 4M HBiii .t., Gen morphology «f iln- Southern 
Appalachian*- AW, .l/o^ V]. 1894, p, 63. Both auEhms bcliL-ve tlmi 

they can establish fevers! ukc£ of doming. of die naturc uFanticlinal aw* 

(* 5 :U H. teustH* Be true lit nn^en iiberdas Relief van Nonvtgen, iLZ. JX fc 

190J, p* 425, 

(254) S I. W Ajilmann, GeomorphologicAl studies in Norway. G*ag*ajuk& 
Annatfr 1919, Heft t-2. A. G. Hogbom, Vbcr die norwtgtschc Kiiaten- 
plattform r Butt+groi* ttum. Ltttv* t pm hi XII p iqij* p. 41. 

( 3 JS) Wt ate hen: disregarding the case* in which pcjicpUnrs have not 
lieen proved to be present, hut merely murtimtid to be so from theoretical eon- 
si deration*. Thu* G. Bumi* thought he could recognise a perst-Miocenc peno* 
plane in the plane tangi'nlial tip I hr summits ol the north facing slope of the 
northern Apennines (ihi* would stand in the relationship of a piedmont Hut to 
die High Apennines rising above it), lie auppo^d iliat its cum intuition iva* to 
be lound in the extremely hummocky under surface of ihe transgreusing 
Pliocene. As evidence, he points to some plateau-like heights in the southern 
parts of tile above-maitiuned slope. interpreting these as remnant^—Though 
scant) ones—of a pcne plane which he conceived to have been widely extended* 
bui practical!) destroyed by the present valley dissection. Further, the clay 
mid marl (acres at The Pliocene strata 1* brought forward as implying a plaudted 
area tn the south from which it originated, i.e. the peneplane, with streams 
which were not eroding. The first poin! t however, merely indicates that in the 
northern Apennines titcre occur well-marked form* of waxing development; 
and the fades of marine Pliocene depend* not only upon ihe altitudinal condi- 
timm of the catchment basin* but also upon its pctrographlcd Cdtupoahjon 
and die distance, ai that period, of die oturfacea that were being eroded from 
the places where the rivers entered the sea (and so depends on llic length of 
the gradtd reaches). Aim, the Pliocene at die northern edge of the Apennines 
h by no means deioitl of thick intercalations ot coji.4v clastic tnaieriah as 
Braun hmmeif mentions (Bdtrfigc zur Morphoju^ic dt* ntinJIIdivn Apetmia. 
G,ZJ(. 1907, nos, 7-Wy IL v. Stag 's hypothesis that the present ^uiniuu level 
of the Alps is a Plioccxtq peneplane rs c^cn less well founded; it has* d wff y 
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been proved wrong in its essential points, ar any rate as regards the lusicm 
Alps (Morphogenic dvr PritgliddUodsdiift in den wcstlklicn Schweizer 
Alpen. Z ihG.G. 1913, p. 1). 

(*?&) A. Hrm, GeetQgie <lcr .SVAwrw, Bd, 11, p, frg, Leipzig 1919. 

(257) A, PENCK, Die (iipfeWur derAlpvn. Sitz.-fter. prtuss. Aktid. iViu. 

Berlin 19*9. XVIT,p. 256. 

(258) O, Ampfekkr. (,'hcr die Boh rung von Ruin hei Hall in Tirol. Jahrb. 

Stutiunmt Wkn 1921, L\X 1 , Heft 1-2, p. 71.—A. Prnik and E. 

BnfN'XF.n,, Dit Siprtt in.- i'itirt fuller, Leipzig 1901-1909, p, togK.— K. 
OtiiREjcii,Bhi al pines [.j rgstalutr Tcrtrin'rit, Jahrb. geot R.-.L Wien 1899. 
p. 165-—N> KstB, Die nurJli che r Alpcn zwiichcn E&ot, Tiaitm und MQr. 
Gtf^r. Abft. VIIL Heft 2, 190J.— H. HfiPSSt, Da* Miozaiihedten bci Leu ben. 
Geolog. I- iihrer, IX. ti Lt tug. int. Giul, U ien igoj, V. — An excellent survey, 
supplemented by fresh observations, in X, Krebs, LJnderhunde tier diteneich. 
Aipett. Hibl, gcogr. Hand hitcher, Stuttgart 191 j, 

(259) A. Ee.vck nnd E. iiKLVKNtm, Du A 1 pm ini Eiizeitalter, lac, tit. [n, 
558), p. 286 and elsewhere.—A. Penck, Die Entstchung der Alpcn. ZXtJL 
t9$K f. 5 («« especially P . 15). "A critical discussion of the different views 
on the pre-glacial aspect of the Alps has been given by H. Lxctessacii 
(Z.G.E. ryi j, p. ij. 

|2(io) H. Hiss sat* in these pie-glacial dements trough shoulders belonging 
tn the Giiru; and Mindd Ice Ages, an imtrp re Litton which has remained un¬ 
supported and is not in accordance with this results of the del ailed investiga¬ 
tion by A. P&.NCK, E. BnncKNJH, 11 , LAtrfER&A< 3 [, E. dc MaSTonne, W. 
K Ilian find others. Sec the discussion by 13 . Lautf-vsacu, who also compiled 
the relevant literature {ZXi.E, 1913, p. 1). The iclniwiuhipa between fnnu 
anti arrangement, set out above, make H. Hess' view untenable (Die pra- 
gkrialc A Ipcnoherilathe. P. M. IJX, 1913, p. aSi). The illustration* pub¬ 
lished in this show excellently both the convex profiles of the ridge /ones, with 
the subordinate concave interruptions in ihc profile (pistes 47, and also 
the lower slopes of lilt intervalley divides, bounded by sharply convex curves, 
Which belong to a longitudinal valley zone (Rhone valley, plates 45, ^b) r 

j jbi) Elite Frige dcr Tai hi Idling. Dthl. gcogr. Ktndbucher, Stuttgart 101 it. 
Ftttfxsxd Alhr, Pent*, p. 66. 

Iz&2) ll.uitiEK Penck, Op. tj, p. 71. rht change of fades does not take 
place steadily hut, just like the cycles of sedimentation, in progressive f'criwis, 
a partial phenomenon to which we shall refer later; see tl«* facies profile in 
Alb, Brim, Gtolegitdtr Sekwtis, Leipzig, 19:6, Bil_ 1 , p. 05. 

( 263) As to the form of the kmgilitdmt profile of the pre-glacial valleys, no 
direct conclusion can be drawn from observation. since naturally the valley 
floors experienced, and show, tlie tit ranges 1 glacial action. A, Penck, E, 
BrCckNE* [Die Atpm im Ehwilaher, lot. tit. [n. 25S]) and H, Lauisn^uih 
[Die f.'benkfungdcs 1 tsingehicts, (ti o A v. Abk., NT. Heft i t 1913) .bribed 
a graded longitudinal profile to the pre-glacial Valley floors and referred the 
steps in trough valleys solely to erosion by Pleistocene ice. Indeed, H. 
LAL'iiiNSAL'ft believed that he could recognise the edges and upper ends of 
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fttmatilc V-ihaped volley*. worked over by tec, m the shu tilde ns and head? of 
glacial troughs. During iijiergludrd periods* rivet* would have cot info steps 
previously produced by ovcnlocpening, and have eaten back along the sections 
of valley Tying above iheae. This imerpretatiEm docs not make the relationship 
quite desir between ibe shoulder and the fim trough 10 he sunk into the 
supposedly graded pre-glacial valley door; and it fails as an explanation for the 
trough frtiouldefs which continue above the terminal basin of die glacier, De 
Maxtor KilIAn and Dr&mL also cottsidcred trough shoulder? and trough 
heads to be of fiuviatde origin; hut ihcy make a similar sumption for the 
valley turps, since these ure not always present where they should be found 
according to the theory of civerdcepcxHiig. - lTic$c writers put the Httvhiritc 
origin uf those glacial forms back in prc'glacial tirnc^, thui iifcrihing to lire 
pre-glacial valley door an ungraded, broken, longitudinal pruble (E. de 
MjAtqnnx, Siir Ij throne mtcaaiqnt; dc 1 'erosion gludairc^ C. R. Ac. Nc. 
Pant CL, 191&* p. 135; also .duff, dr GVqg'r* into* p. 2^9. 1911, p. 1 and else¬ 
where; W B K1 Li ax ct M, Gtgnoi’X, Cr It Ac. Sc. Pans CLT P 1910, p, 1023; 
Bufi m. can* gfoi dr Franc* XXJ, 1911, p. 25; L Distill, Die Formed 
□Ipincr Hochtiiler p etc. ijindcsk* Forstk* grvgr* GmlUcfi* MunAttn. Heft 13 
1912; also F.M. 1912, II, p. 32EJ. The question cannot here be pursued in 
grciitcr detail. Merely this can be pointed out not only ore tht convex slope 
profits essential features id waging dc vehement, but also the longitudinal 
valley profile* whidi arc. in uciwdaiue with the rule, divided up by convex 
breaks of gradient working back up-valley. This rule Iim already been demon- 
At rated for the German Highlands, and will later be prtnod in detail (*« fig, 
13, p. 200). The *11 v tidon is brought about by the working up-valley, one after 
another and one above another, of eroding readies with different degree* of 
steepness. At time* they leave behind than a graded reach which, dissected by 
die next lower, back ward-working break of gradient* may be preserv ed for a 
while us a ferrate r nfh a naturaify graded fongitttdinulprvfile. 'ITie evidence nf 
waxing development in the Alp? makes it impossible nor to draw the condu- 
niott that the Pleistocene glacier? found slipped valley Hoars, stepped in their 
longitudinal profile* by die sleeper, backward -working eimjana) reaches, and 
tn the transverse profile by terraces, each with a gentle, graded longitudinal 
.dope. I consider it probable that the utep* ofoverdeepening are to be associ¬ 
ated with such break# of gradient in tile pre-glacial valley floors (accentuating 
them), and certain dial the trough shoulders are the margins of terraces which 
have I seen worked over and reimn Jelled by the sec, Hut this is far from denying 
that aortic shoulders and litads of glacial troughs Ittivc in fact Isccn derived 
from the edges of the sharp interglacial V-shaped valleys which, during tlie 
ice-free periods, cut back into the steps of overdeepening ihai were already 
present. But one must he on one's guard ugamsl taking pre-glacial tcnuccs for 
valley floor? which die Pleistocene glacier* found and used, and concluding 
from the graded course of the terraces that there was j similar grading of the 
glacier Hour, Should n« tectonic deformations have occurred, the pre-glacial 
terRCe* continue in the &amc way 05 Dr or dose to, the neighbourhood 
of I he general base level uf erosion at die mouniaiEi edge, and there, os 
t r.M. a. 
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trough shoulders, they Appear ai a greater or lesser bright above tfj* temiLnjd 
liasi tut, 

(264) (Jsrjlogttdtr Schttrx, up% Hand II, pp. 66-71. 

(at>5) N, Hams w*s the first to draw Attenuna to the plateau fiats, or 
plateau regions, and their independence of the fold structure (Die riordJich<n 

Alpen ywieditn Entis* Traiseri tmd Mdrz f /or. rit [n. %$%]}'* For further 
detailed investigation we have to 1 1 tank fj. Cftn^NGBIt (Cjt-omurphnkjgie tier 
Lumer Seen uiui fbnrsv Gdsiciw intern. Rrour ttydfobioi. ihdtugt. Leipzig 
1914], F- MACiufaraas {V e re h n iu 1 gs 1 1 ii d 1 rt* iicul junge Kmatcnbe w E guo g civ 
fmalpirwn Gebirpysuini. ZXhH. 1916, no, 9* p*6CE; no. 10* p. 675) attempted 
an iiTiaiysii uf the crustal movements wish ihdr help. We are unable fit mat 
with the results, Ehey ;tre LoHuenircd by the earlier, generally accepted, but 
erroneous ptistilktc* According to which forms of medium relief,, nr penc- 
pijLuo 1 these beingc*uisiderud as the final ri^ulr of denu elution on a siauunan' 
hlnt'kK can arise onjy in periods of tectonic rest. This h not in ^urrnonv with 
the fact that plateau landscape* came into existence just at a, drag of active 
crustal mfi temems. 

(gfift) G. GfrmNOER, E .mixer Seen, ioc* at [rv 1D5]; the same: iJur Fra§e 
dt» Alters dcr ObcrSichonhrmisti dir ristlichcn Kalkbocheilpcft. MitfriL AM, 
siugr.Carjtich. HVrfl 1915, Heft i -je, p + 39, Wdtere neuc Finnic von Augcn- 
rimstt auf tfen tatlkhttt Kaltdioehidpen plateaus, f Vr/r, k.k,gtoL H^A r Wien 

* 9 * 3 pP- 6 ^ ««l l 9 J Si no 14, p- *7*. 

(267) I -. XUatATsaist, Vef^tumgaflichm u*w. + /or, nV. fn. 265], p + 1^5. 

126S) Lurwer Seen,, /or. at [ei, 365), p, 20 and tbcwhqrr 

( 3 ^) l 1 - h IlAiiN\ Geologic Jcs uberen Sanladigebictofr twkchcfl Lpfer 
lind Dicabach llL Jri/jrA* A,it. £*o/. \Vien 1 LX HI, 1913, p. 1 (especially 
PP- 19-14)' Asa dwd juid higjieat level there occur the sometimes plateau-J ike 
summits which, mi the plateaux of the High Alpine antic, rise several hundred 
metre* flhnvcthe valley bottoms(c.g. lioher tjfil| p Tcniicngebirge, 1400 3500 
nuj- tracts this altitudinal pn.suion to the westward directed trussfold- 

ing m the rnd of fhr Oligocent It would be better 10 *ay: the continued up¬ 
ward imminent uf the AJpa and their mdividnnl pam, which brought the 
platen 11 regime 10 gjrat dtitudci, and led m their k ing broken up by deep 
Valley* r steeply iiwi^d T wa* nut without hfirfraniftt components which, At the 
end of the Ob'jpjcene, were directed wcstwanU. 

[270) 11 . Haseln^hh, Geomdrplitjlo^ische L-ntcrauehungenttusdem Wtemir 
iieckcn und fcdftttn R^idgchirg^ Cet^r. ,M- VIII. Heft 1905.—U. 

1 jiHV:i.xc a E Ji, /<jt. ftf. jti. J^k] — ^ Kreb^ pluccs Hit origin ami ileveJu|Uiient of 
the plateau ctuintry between O%>eenc and the second Mediterranam stage 
{Uwfitrhund. drr Gttmrick, Alfitp, Uk. at, [n, zjSJ, p. 40); bur in Ids ncdlt 
H.til he trni-bjJfr*. f!,rtr laincd btuches of ihc Vienna Ujsin to Ik- Meditier- 
rwan 4 nJ l»l ia laic a* J’r.uiian (XXiJL 1914. nn, 4, p, 1^4j, 

^70 1« «tempttog 1 ti gne a dale, the fdJlowing jw.iAis must be home in 
1 mud. the p.-iiii'ii li country 1 m* wide 1 rinig! j- skupciJ tslltvs from which concave 
nlu P ,,:l ^ U P t,J a definite average iieepnt**, taking into npopuat only ihc 
proL'Iddal «lu|h-s. OcatsioimlJy these very Kitep slope limit have already met in 
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sharp tftlgc*. But often sdwc them the slnpts Curve cOttvesly Again to produce 
rounder! forma, anil even plateau surface* at 4 higher ku'cl (see note 269J, j 
uiLne$s to waxing having preceded waning development. Mile dating may 
thus refer in tun period* of time: to that of waxing drvtilopnVfcnt, continuing 
till tht steepest slope units found anywhere along llic course of the down- 
cutting streams had been produced; and to the succeeding period of waning 
dcvdnpfftem* Easting rill dissection of the plateau begax1. Thuv involved the 
final separation of its set of land forms Irnm their former base (eve! of croflirm; 
and since then any further happenings have Ivccrr only in the direction nf 
waning development, h 1™ probably in ihe Lower Miocene* if not earlier* 
thiiE ihe plateau dissection <.*>mmenecd. Ay u oral rough apjm>xim£tkm. we 
limy pul tlie onset of waning development, l.l. tin ounpSetrnfi of the valley 
lyttw peculiar to the plateaux* in die Olig'KCifc. Jn vmy cane, it Ivccoiiu'^ 
evident that the developmental history uf the plateau region* of the High 
Alps, traces of which are 10 he ubservcM m ihc forms of tiwxmj devcIopjneaLt, 
must reach far hack into early Tertiary times. 

1272] iMnderhunii^dtt Oittrmch* Aipns f l&\ nr, ’n. 25S]. p. 39. 

(273} This dating is eamplciely uncertain. and has itpporcntfy been pur at 
too high a horizon in the i.itc Tertiary. Sit It, If rejc ikl'vhh. Dir Alflt'rt mi 
fiuzrifulltr, foe* at* Jn, 238], p. 992. 

(374) For utTcmaiinn kx F. fv ■^.viat, Die adriatiadu I mrandung in drr 
■dninen Fatten region, \tittri! q+ttl U/tAhAr, NAffi 191 3, p. til (with gcot. 

the gcuh A’jp^raJjj j t/nahnrn h> 1 : Kos^maT i 75*000* HI. 
TfjjmcLn (Z. 2ti K. 1 X)and JfoduriUck-ldria (Z. 21* K P X ian+I F, Kos&maTa 
acCOtima in FVrA. k^giolug,. R**A. Wien 190S, p. Si, 1909, p. R5, 

^75) F_ KjOSSMAI, Dk morphologbchc Fn twiddling tier Gebirgc im 
Lcuti^o- und nbcrtn Sawo^gefriet* ZAm-E. 1916, nn. 9-10, p. (14.5. 

(rj 6 ) F. Kossmat* Geologic dc* Wodieinor Tunnels. Detththr, matL-naL 
KL Akad. N ik. IFk#* LXXXllp 1907* p. 41, 

(277 ) X. Kkea$* Die Hdbinad Htrien. GVt^r. fAA.* Wien 1907, tX, z,— 
K. KossMAt, L>cr kiisteutiindische Hochkarst und seme tektonuehn Stdlung. 
Ff rh, k.k. frYafog. R.-A. H’ieh n-ycxj* no, j j. p. % Ip. 1 16 If,], The mttii:: 
ZXt\E. Berlin 1916. no, 9-10, pp. j|If. Seethe pfohlr in N. Kheer, t^hubr- 
Amu/r A* OiJffrrficA. //fpm. rtti \n. 258], p. +2. Fur the following, cansull 
tile geological SfwxiatauJnufunfT* 1 ; 75.000 drawn up hy G. ^TAmrh and 
Ko££MAT ^hect* Q$r(Z, 2a* K. IX), Triest (Z. 23, K. IX ) p AJdmberg (Z, ia. 
K, Xj. Sheet Ses4una(Z. 23, K- Xl k tupograpliicidonly. 

(27^) Lt-e. cfj. [11.277], P S 2 F, Fii t im, FriduirttiHgi-n xur s*mbw Katie 
1 . 75,00c, Sheet R<ibit3ch*r>r^dicjiburp [Z. 21. K. X] IEI \N"icn 1904 
{279) Six sheet Cilti und ttfitfchach of the gening k VjOe=^fAcrtf 1 : 75.000 
(Z K- XUl. [Wien]- 

(2^503 F. TKi4JiH t (jcolog. Sfi'?uiHw r tr 1 : 75,000. ^hcti bjscnkappcl uad 
Kanker fZ. 20* K X E l and sheet Pmssher^i Z, 20, k. X E t); tlrl&utma%*rn titf 

L'<rohgr Ktit ic Hitrnkrtfrptl und K-itt.hr f, Vi iitn 1 SijS. 

(281 \ Mere this is the suffice w hich ilsc bcu^rinc l (i|H r 1 Higncene ( Soizkn 
hedb) foiimJ and covered over. !ii lUstrihution d^K--. mu i oiajpde with that of 
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t he piuriiu Middle Oligoccm:, but il trnnspresses over denudational remains 
of this; and me; w'uli iiruj-x it directly »n to tJhc older substratum 

(Trias* Palaeozoics^ I"rani which these hod already betas removed. 

f^S?) E, Dk Afprti tm Khmttiltcr, Bd. Ill, 1909, p. 1037.—A. 

Ghunu, Die Tints (chung umi Gcsdiichic des Adriati&dics Metres. G^ogr, 
Jtthralwr. au* Chur inch VI* Wien 1907, Die Otardaehen formal des Damn- 
athen Ge forges 190&, p- 4^8 (pp. 479 ff.).— N r Krfbs, Die Halhmsd 

Istricn* tm. fit. |n. 277]. VcrbOjgmc VcrebnungsHiicbcn in btrjefj, GVo;-r, 
yfibrefbrr. t m.V Chtrrmch IV, WiOl U)o6 t p. 75.—F* KO&SMAT* Dcf klistcn- 
liinJUchr Uochkiiret* etc* for. fit . fn. 277], p. 12 i. 

(583) A.Gre sti. Die KmUtydrogFapble. Gtcgr* A&h VII, Heft 3, Leipzig 
1903. Ikiiriigc mr Mcuphologlc dc* Dtrmri&chen Gcbirgi.^ toe. rih [m 165], 
pp 196 IT, Cvrjisl also describes die Fulgcr-liit penetration of the lower sur¬ 
face* into the higher lands which again are topped by pcncpljmc* (J. Cvijit ; , 
Hi]Jung imd Dkloriurung der Duiari&dicji Rumpfflidhc. 1909, Heft 

VI, \^Il p VIII j: but in the end he considered them .Lit to he pirns of a ^cngL-. 
uniform pencpliina 

U*4) J. Cvrjie, he. at * [n, 383]. According id the information fo for ob¬ 
tained, the pone planes and piedmont benchlands on the individual range* of 
the Dmarie Mountains, which are divided from cadi other by synebiml zones 
(with scries of polyes, aOif often abo wjlh longitudinal faults] have little or 
nothing al j.J 1 Ur do with one another. They *cem in every ^a-se tn he peculiar 
10 the chains on which they occur. The wmm thing has been noticed m the 
tectonic ami imrpttutugioi ednrimiutirin of the l>m j rid* in the western 
Tauiw, Here, is in oilier regions of broad folds, it is not a uniform peneplanc, 
Ttur even aji undent uniform set of land forma, warped into undulation* in 
such a fashion that they extend into the Boors of the broad syndines—-m 
which faults or iwefEbmsLs may ultimately appear; but th n form OMSocfations 
on thr. ranges came into existence whilst these were rising, and are therefore 
confined tu them. Their geological equivalent* arc Lu be found within the 
broad gyndincs :i* form psppdstkmB of a different type, or as correlated 
deposits [see glossary]. One night assume analogous conditions for the 
Dinuric Mountains; yet ir is not possible to form an opinion so long as views 
differ so widely not onfy ob to the iEiterpretaliun of the features, but ev en as to 
I h dr chfl rararislics. 

(285S < m-hk. 3 dluutrations of the pcncplanes, piedmont henehiands, and 
uudberga of the Dinurk Mountains may lie found, amongst other places in 
J, Vvjjfo (P.M 1909, he. ah fn- iSj]. plate 13), V GmiHD 1908, 

illujtmfon*99-1041. 0 . VI.Mju . Juft?Oite jt. XI t plate* 11 , 111 ). 

(aStJ Where the aubstratum Impcrmeablt, U^e picdmtnu flat pentis^ in 
its function of local base level of erosion for the eroding readies working hack 
from it. even though it become* itself dissected by valleys* Hits holds until 
this same function ls lalren over by the convex breaks of gradient tvliidi form 
ilie upper endn of the nw* emdmg section* (tIkjsc flisseciing the piedEiioru 
rluEL and migrate upstream with ihcm. ImpHirtaiit differences occur in the 
Karst, The pmeess which give* rise 10 the dissection of a piedmont flat— 
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uplift—aljio products a relative lowering of the ground water It'el; and where 
tlit terrain is limestone, this leads to a disappearance of the auwuna. Whole 
valley courses thus become functionle^*- ami further nonnal disstctiW of the 
higher-rising land is impeded. In this way earlier conditions of valley dissec- 
iwn Iwconie, as it were, fixed, and for a long time remain pretty well intact— 
ste, for example, the high valleys of Cepovan, Codowkadu Radck, etc., 
d^crihed bv F, K<'SSMJW. all presumably uf Ptmtiaii age {Z.G.E. iqih. nos. 

, c pp ft \ 0 ft,). They las! until ublitcrareJ by lie fhrrrmtion of dolines. ,1 
process of dissection which then replaces ftm iitile erosion (see the progress evi- 
dissection I" doiiiu- suirwuys of the high-lying limestone areas w hich rise up 
in tile ucstern T.mms: W. PtNts. Op. iO], 

(287) A- resets, (JeomarpWogtschc Studien ms der IJeizcgmsm*. 
7 r\tich. it. mu! 6 . Aipctt+Vtmm XXXI, 1900, p. 3 ;,— O. Mvuu., Oco- 
rhorpholnrisclie Studien nits MhtctdalmatTcm (*tx>gr. J&hreihtrr . aus A 

XI. 

(jM 8) A. AttrNER, JahrL gmf. Wien LXVI. 1916. p, ayj. A, 

WtStLEftp M'ituit. v-r^lng, Gtstihth. IVtfft 111 IV r 19 1 Hh P 2 S 6^lStu^ 
Irrh. iH. t /eutteft, GeagrapiMt^g IttfMibruck. 1912, p 218 -IL SiAHiiR 
Miihii kk+ gtugr. Gw/M. Wim> 1916. p, 281.. IL Mu Mr. Geologic der 
WechscIbahUp itenfuebr- ItM, A hud* Mm. II u-ti, math.-nsr. Ki. LXXXIL 
T. Macj lATSCMffi, Z.GJ£. 191A no. 9, p. 60a (pp. 60S ffA. — K. tte 
Hull, gfap-Aurtw- rfts&+ t nu. 191 i F p. J &7 (FP* -t °5 T * j )■ L ' lCi 
i 2 8 9 )'a. Aicner, Ioc. at. In. 288], considers the nld flatfish form wotia- 
ttons 0n tlic muimtainous margin of t he embuyment nf Graz to ttc uf Pliocene 
age {PantE«rt)< But the valleys bad already been invaded by kieitfirmr Luwer 
Miocene! Further in vest igsii unis necessary- 

(290J Apart from the lad that, othtr ihrngt being npml the old form b«cj- 
cisiiqns un tiie limestone iotnmlliry divide* art more likely tu be preserved 
than on impermeable mi* left til 

(ayt) EitabSrahed by F. KOS^MAT fat sheet Stein 1 : 25.000 (oral mfoitim- 
liDii}, IVrt of tile bswal transgressive formation* of the Lower Miocene on 
dieet CillMbtochuh (¥. Teller* be. fit- [n. 27^] miE-ht alifo probably be 
marine AtjuititnUn (part of tEsc lowerNulliporc limirstdnc)- 
(2^1 Aitioug^r tite work* named see especially: W PetbWisfk. fM. k.k. 
moL Wich* 1915, Ifcfi 17-18, p. 310.—j.Sft.r *U ^ Gtmr 
l 3 nd, Sil ^-lStr Akuti. Jl Vr/i muth -nnt, Kl. CXXX. Heft ^-9. 1 <}*K p- 
2 b§ w —A. Winkles:, Juhrb, gmfag. Htnau-Ansl, Aieu t LXXT. 1921, I left i-2 f 
p. 1; idtm 1913, LX III, Ph Vi 17 and dscwliera.—V. Hn.fttMs Tertii^pbini 

uni Gw, JaM. Jtfc^o/ojj 1 . R+-A. Wien, i^ji idem, 1^941 XL]\ T p. 3^)’ 
ft. HflitKra* Adtf and RtUdn Etenrn OtitaatiUi Leipzig 1903. 

(293; Walhieb Pexck, Op. *0. 

(294J F. Dfp^^KEIM, Dsa Neogco in Kldoasicn Z.D*G.G+ LXX, 191ft. p. 
i, M v earlier view ( thiit 1 he Wting&t divkiocu of the Neocene g&mally belong 
to tlk- Lc i ^ntLrie due^- not seem to lie eorreci, 

(395J It h also because of tbia that [he Neocene, which throughout 
cttlicr 1 ilsiillou ivaicr (marine, brackish nr heu.itnr.ej i-r a tluviatik 
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character, also attain* wn exceeding]) grefli thickness. From this, A 
PifiLjFF^OICt W'bt* published numm 4 ! individual observations on the facks 
md bedding iht Tertiary, had already deduced deposition un u sinking 
substratum (Ifcetsen uiul Frinichung* n im wcsl lichen Klcmasitm PM, Fig- 
Ifcfte 167.172. 177, 180, ifij, 1910-15), 

(3^6) The sumption ihal the Anatolia m hrnad fold* might have arisen by 
compression From outride (W. PeNCK* Op* io, p. it6) is erroneous, and has 
already been withdrawn i» unfeiiubk on other ground* . pENrK* Op P 16, 
P« HSt nuIt J h 

(-97J The same nefuiionahip hra been established in die r Lurch of iht 
Argentine Fsimpcan stt-rms on approaching the Puns de Aucurnii (Ay. Pjt.nlk, 
Op. t 6), and I-, .■■: I have strom^ eke where, the fundamental niecl um caL 
i'catim? tor the development of dug kind of taultirtg [ 0 >W. ZrnfruIbL XXV.. 
19*0-21, pp 39a tf.J. It sens m with irmott in the intensify pf the crustal 
movement, tvhrrh leads to mertltpping the limit of dsaffiaty proper to thi 
hluck e fuit i* being moved. Increase in amplitude is due m similar causes. In 
the Argentine, burner, the depressions, are not as a rule traversed by tw> 
iangiludEnal fauhr. bin only by otsl-. They cannot here he called rift valley* 

1 trough faulting}, According to my observation*, the stune thing bulds for the 
longitudinal depressions of north-weAi A triloba which, in spite of the find Li, 
have by 00 mean* lost their synclinal dmnttter* A. Prttl.lPPsns, on the other 
hand, stresses the trough-faulted character or fttmy ikpregions in western 
Asia Minor. Further irivratigaiirui ht required. 

(398) W* Penck, Op. 10, pp. *1-42, prulik on p r 36. GeoL map by A. 
I’murespNi : soo.ooo* sheet z (PM. Erg.* Heft igtjj, 

(299) The western Elciatocenc coitus are sunk in this set of slopes 

rjco) Plus is the ca@tf pankulii/ly in the western part of the upper terrace J . 
Thus two levels are present; on the broad divides between the minor valleys 
there are ftftitisli form association, widespread fragments of the piedmont 
surface, 4 iul s he Ilv^I t?f the Hat floors ihemsdvLs scaredy loo metres lower. 
A 1 she I uiduatm ot eIk valleys* tnith levels almost nr quite mer^t min one 
another dicre i!> peneplain: hm nosiharp V-ahmpecI inciskmi, or merely slight 
suggestion* of them); un the other hand they cowr^r downwards toward* the 
cd^e of iim 'upper terrace 1 (^incidence of knh levels ni the point where the 
minor valleys issue on to it^ tg, in die western section of the upper terrace*}- 
In between lies the ront of the stronger! downctf*ttng T where V-shaped 
v t! 3 ey» f eften ST ill niirrow. art enclosed by love, steep oouvev slopes. It follows 
indubitably from this that dissection m stilt continuing, that it haa a modem 
character. Some of tlw; minor valleys are of prc-FItistocenc origin | glacial 
modiheatiun is tu be seen near Kirkhunor, curries hting sunk into the slopes 
in the district earn uf it}, other* arc youngen all have portions where down* 
e mting k active .it tin- prcicM day. tint and hefts it rhe c^niul point-tkis 
Umh its* lower surface: of reference, not at the mornitntn foot, but more dm n 
1000 mLirci, higher at die edg^ of the 'upper Eurite 1 or du>t- below it, TJ*c 
fiiinor' valleys are out part.', of tlic *teep relief, which e^ -initlar in nature 
(lhough im -ihiu.uli.nal dilfercncea ue ii nnie iu^rk gfeaferl 1 and reaches up fmiu 
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I be fool of ihe moon lain dvnin into its, Hanks: but they end hipfli abnve it. In a 
word* they are ml hi rip but the result of the still penwing deformation of the 
piedmont sin-fare and of the steepen mg thus produced. 

(301) W PeNt'KpOp, io r p . jft and eliwwhere. 

(302) V¥. PeN( K, Op m. pp. 163 If. 

(303) AftiMfa $t*\ Tallinn di Sc. naJ. IX r Pisa J804-93, Proc. verb-* p 

141, 

(304) This is a pure assumption, For die present all attempts At dating m 
tltis area are still utterly uncertain. There 4fe, however. adequate grounds for 
jserihinp d po*[-Levant me age to surface ll (which i hud distinguished, 
together with the cent nil rnoiimahdand (I| P 'is 'ttclifdF V) A, fruurfButt has 
pointed this run (ftur morpholo^ischtfi kfljte ik . wrath ehen Kidd* dflti. 
p. Vr iy2Q, p. 197): ■ ■ ” 1 r on thf other hand, he ha* mcrUihc 3 the hurt dial ! 

II hi nut discover uny thing airrespondiiig 10 ihc configuratioTi ■?! piedmont 
surface I I in the etuir^- hmml conglomerates of tin- N-^^eni 1 un thr smith vhk 
uf Olympus, These were tidier to lie correlated with txitUcmpoanooui dU- 
gedion of the imuntainliind rising above, This even today strews coarse 
gmiite block* over tile 'upper terrace" lying in front rtf ft, and right away from 
ihe Pleistocene corrjes. My previous identification in date of airfare II with 
the Levantine penepEant in Thrace, rested portly on the fundatnenial error 
that similarity of form, which signifies merely similar development + waa taken 
io mean contemporaneous development as is cuaiumurily done (A. Ptitutr- 
>DK atw adopts this usage in the wuik just quotedJ. To judutm- 1 para Ik ■ 
dev elopment in age for pcocphuics, or other form amdatiau* of j Himihr 
lund t occurring on different ranges, b absolutely triadmiwahh-, r\i-n if they 
lrn.% e similar or exactly the ^imc altitudes, mdes* their sitrubriiy in Jge has 
hern proved tfrathp^phrwlly. It is possible, hui by no means certainty cabah- 
Li shed-, that the pcncfdanc (coftt-sporiding ro surface ! JL %vhicLx can he traced 
ai Uas: fmgtDcuttirUy in all the Anatolian depression* and cot» across the 
Ncogcne filling, is a uniform formation, amu in several places ir has been 
fnund to pass over uithnnt interruption from one depression to another; and 
according to Piiilifpsom it also passes over into ihc perurptanc of Inner Ana^ 
tolia. which occupies die same position over the Neogcfic beds, there but Juilc 
distorted Inevcty case thtg undoubted primary pcpcpibns-signifies -i changi- 
fit>m xk 1 position to <juuudahOO in tht broad nehnes -in I ecu Era! basin- r>f 
sedimentation as well h ,1 change which naturally cannot uwc its firigin n» 
thf broad folding, but which b due to die regioiul nplifi nf the whole ayaieiu 
of broad folds (W, PrM k, < \p. 10, pp. 38. 1 ifi, and dbcwhtre), 

1305) W. PtKtic, Op. pp. 15 *1- 

(30^1) R. A- Paly* The mx&timw of summit levels among s||>inc tnnun- 
law. y>€. X 1 JL no, 2, 100^. —A. PIescr, Die Gipfelflur dcr Alpcm foe. n 7 . 
fn. *oj, pp -357 ff. 

(307) On the south side of ihc Gdf of Gcxnlik (ar.inu^hm between the 
Knv.ikli tlman rind lfir mouth cil the Sirsurlii) the VetPKtne dip* untfonnly 
northw ard® tijivards thi: ^e;i, to emerge again oil the north ddr nf th'. L drowned 
broad syudinc with an ct|uill> regular outhward dip (isdund of h.inir Ali 
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fimraliJJ. Hcre n in the ihact beds of sandy conglomerates, I collected Ifrm- 
jrmvfxnt presumably Puntian age. \\ ork still re mams, to be done, 

(jo 3 ) Quite often the gipfeldur condition Iiws nut Inara reached Instead, 
over wide areas, there ate stiN —between the sharp!) stink V-shaped erosion 
valley*—old flatfish form association*. These immediately give one sin insight 
into the fact that there ha* been abrupt anticlinal warping. (Op, io< pp. [t}» 
73t«C-) 

(309) O ra] oormnunkaUon, 

(310) Gmfidlinien dcr Geographic and Geologic von Masedonirn und 
Altscrhicn, P.M. Erg.-lkL XXXIV, I Mi 162,1908, pp. $5-%, 167, iRf, 334. 

(31 1 ) Gtorgr, Ahhi*. X, Heft j. Leipzig 1921. 

{312) See note 284. The longitudinal » 3 e press ion ft between the Dinaric 
chcun a were originally, ho, during thdr formation, also areas of deposition, 
even if nm to the same extent as in Anatolia, Ofigoccne, early and late Mio¬ 
cene, perliaps even Lower Pliocene, basin deposits have been recognised in 
them Jn the majority of ruses, those bropd syndines have (as in Anandtaj 
later Ewcoitic areas of denudatimn, E'encplanes, acting us piedmont flats furtlic 
ranges t m either side* extend over their (Eoote and over die superimposed 
Tertiary, Here, series nf potyes arc sunk in the penrplant* of She broad sya- 
dines, and are aualogmis to thr river valley a in Anatolia. They hit a upcdirsuf 
dissection which owe* ita dcvtlupmtni ,md it* peculiar feature* Up the gpedil 
dmudatiomil process ilmt occur in the Karst; but fundamentally Their canine 
rioft b no different from dir valley dissection of the Anatolian depressinna* 
I Icrtw ns Liicre, the sequence of phenomena: teiiiuLemotion—primary penc- 
pktnc —downctitling or karating (palyen) as tjic case may be, signifies die ousel 
and the infrmficahon 0/ the cautri leading to die destructive invasion of die 
rtgion of subsidence by meteoric waters. Here> as there, these causes have 
animated from the broad folding, on □ccnimi of which the synclines sink with 
respect to the ant id burs. For that, ridiunily, would not promote duwncutting. 
If anything, it could mily impede it. w« hading rather to Jaieral erosion or to 
deposition in ihe depresaion*, In 1 - cuosecjiicncts of brrmd folding would 
appear as an wimupHtm of lhaf outstanding pftxm of development which is 
known fmm observation* The (Pliocene?) gravels occasionally iratisgr^ing 
over surface HI (and its analogous Anatolian mrface&h the present deposition 
and Like formation at die bottom of the Jones nf denudation within the Ana¬ 
tolian depressions, the stabilise inn of some of the polye lake* in the Lycian 
Taurus, may l>e cited here. The progressive direction of the depressions by 
streams, and die equivalent polyc formation can. on the oshcr hand, be in¬ 
duced only by progressive uplift of the whole broad fold system. Obviously 
this applies to the Dinarit Ab mui aijis as well as to Asia Min nr, 

(313) G, K. Gil&kht, Geographical an\d geological exploration* and survey*' 

of the am hundredth meridian, Washington 1S74,. and Vd. III, Otology* 

f® 75 * 

(314) G. K. On Ju ki, 1 jakc Bonneville, U+S. t,Vd. Sort. Mmogr. t. 189 o. 
-J. C, RtissEij., Geological history nf Lake Lohontati, tie., f .S^GrA. AV/rt. 
Motirgr, 11, 1885—A, C. Lawson, The rwmt faith scarps n Genoa. Nei-adk 
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Bull. SasmnlQgtcGl 8 vc, im, U, no- 3, 191 -, p. 193.— K.NOFF, \ geological 
rcconnai&ditfice nf the Inyo range shd lhe extern slope of the sum hern Sierra 
Nevada, Cal. .S'hto ffo/ Ptip. t I0 fc 19 (S and eke where, 

<3 *5) W- M, Davis*, The Mountain ranges of I he Great ftasin. 
campi&iiL Zoekgy* X LI 1 + 1903. p. IC9> The Wasatch, Canyon and How 
range*. Utah, /Atf. XUX, 1903. p. 15- Even when using iht cycle theory for 
the morphological treatment of the question, it is obvious that the decisive 
gevlnglcfll premise b whether the hiiits arc actually present. Davis takes them 
for printed* adducing as evidence a feature already used by the earliest in¬ 
vestigators of the Busin Ranges (sec S. F ; . L vxsax.^ fcpnrf 0/ tip Urah^tail 
Sumy of thr i'vrttrth PtmdhK 11 Oescnpr. CeoL Washington 1877, p. 345), 
Today, too, ii is pretty generally accepted us a direel indication, fixe from all 
ambiguity, of the faulted nature of the mountain edges, when olher methods, 
geological and incontrovcrtahTe, cannot he 1ued. This feature in ilic *int]dc 
straight Line course af the mountain foot, le 4 the boundary between the zones 
of denudation and depotmmi; the way in which ihb line runs, independent of 
I he mountain structure; and the steep drop of the mountain suk luwurdb; it. 
Vet thin gmup of feature* proves nothing at aiL The bajse of the mountain in 
the above definition b the outcrop of the lower surface of the youngest of the 
corrcliiEed strata, Ii is an unconformity, the outcrop of which b + of course, 
likewise iadeptndtnt uf the mountain structure. It am intersect the strike of 
the mountain et any angle whatsoever, in ihe same way a* it intersect* the 
exposure of sny olher older and more or less distorted Unconformity N T or 
could recent deposits he expected to larder on the base of the r-mgc arn 
differently from the in which the older correlated layers border mi the 
folded or otherw ise disturbed sedimentary strata of the mountain mass, vhc. by 
airlifting against the upper surface <if the laycm upon which -Ixuiectih the 
present surface—they are superposed llime unconformities at the edge of 
growing range*, particularly live ddeEnnes, exhibit a graded form, he. they 
are almost level Continued a re hi ng of the ringe naturally leads to varying 
degrees uf tilting of the uncoiLformity or„ in more general term^ of that part 
of xhu mountain hank wFiich* through the down warping a* ii llecomea covered 
bv the accumulating material* corresponds to such an unconformity. The foot 
of ihe ranj;c then possesses— like man y steeply arched broad anticlines which 
an: entirely uii faulted he their structure— u simple straight course against 
which the Sleep relief of the flexed mountain flank rests, provided that then: 
are the requisite genera! causes for producing steep relief (and note that these 
have nothing tn ihc least to do with fault dislocation). Thus, by fhcfnadv**, 
the above mentioned feature* in no way pusses* the value uf a clear eul proof 
th«i the mountain mass is burdened hy anything in the nature of a fault 
(316) "ITiOTOUgh geological surveys have brought home tJk on reliability of 
these morphological characteristics, even io observers who were otherwise 
perfectly convinced 0/ their validity as j tectonic proof (uf dislocating by 
hulking). Thus A* kxnso f/oe_ at. [re 314]) attempts to deduce the trough- 
faulted nature of Owens Valley and the neighbouring depressions, as YV. 
LiMiuitEN hid done before him (Tertiary gravels of rh-c Sierra Nevada of 
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California. £'.,1 ctai. .Yurt, ptvf, P a p. 73, | 9n ) from the steep drop nf ttir 
nuiges that enclose it (Sierra Nevada in die west. Inyo Range in the cast), and 
from the facetted spurs along the foot «f cadi. But he find* that the steep 
drop' of the Sierra Nevada is 0 slope having a iiurinium inclination of z$. 
characterised hy a roughly dissected steep relief. He takes it to be the out¬ 
cropping of the marginal fault, since that steep relief meets the gentle forms 
of rued in m relief, on the summit of the- range, in a sharp break of gradient. 
Herein lies the great illusion, to which very many observer* (it other places 
have even more thoroughly succumbed, which causes the steep forms (of 
L-iCbnw dmvncniting) found on .= slope to be taken far the steepness .*1 tiie 
dope itself. The ^imc kind ol steep drop, where steep relief below is linked 
to medium relief forms .iWr. incurs on the flanks of hro.nl folds where it has 
been proved that they have been formed without faulting (see, far example, 
illustration fi and the profiles Upfenging in it in WaLtinm Pfcscn , Dp. 16, and 
for the same region illustration. 7-8 in Walthek Pemck, Topogrupliiaclic 
Aufnalnutn am rind rand dtr 1 ’ima dc Atacama. ZXi.R. 1918. no. 5 -fi, p. , 9J j. 
Further, tire facets which, too, Knopf considered to he undoubted fault *ur- 
beti. have shown themselves to be quite a tickle characteristic, ufateni where 
faults could he stratignipliicaUv proved, appearing where they could not be 
'■n-dilished, vfailik- along the mountain foot for short stretches with long inter¬ 
ruptions. and pcncirating .mo valleys (for. tit. (n, 314J, pp . 7s, gg, 8 9> p | dlt 
Xk, A). ,\i. a result, Kkow i.onstdcns Owens Valiev to be a fault-trough (mi 
he admits that the marginal faults can only be surmised, tret discovered (| * 
at., j>. So). On die oiher hand, fliers are recent faults present m the alluvium 
near the middle of die depression. 

(317) Examine, for instance, (he profiles drawn to scale on plate IX and pp, 
to*. 29,1 W Ai.TURH Pi'ivt k. Op. 16, and the illustrations 1. 16, ti, 29 hc-jnng- 
mg to them, as well as illustration 1, plate 1 in aettbgiirkr Chttrahtrriifdrr, 
Hl'Jt 24, cyst, which morpliologlcallv show nothing of the strike faults that 
traverse the section illustrated by the picture. Similarly with pfare ] J J and lire 
profile on 1 p. 58 in A Kxnir, Inyo range, ht fit, [11.314], and eL&cwiicre. 

(3 * *1 * Kt.'u:, Rtf: it i ttf tin < intngktil Sttrvry <tf tin For tit th Pantiiti, II), 
Mining Industry Washington 1870. and J, SystematicCcafogv. 1878. 
fjl 9 ) ?•(*< XXJ, 1913, p. 373. 

( 33 ®f 3w < “nottgsi others, th; profiles by fi, I), LqOdkr&Ack through die 
1 turn holt lake Mountain- f lU, S.A, XV. tqc 4 . r 3S9). Outside the Basin 
Rang* proper we may nrenfam the broadanticline of the Bighorn Mountains 
|X.||. Dastom, ( Sinv.firuf, ftep, ji, Wjuliingfan t 9 cfoi 

tjzij A general idea of the geology is given hy the geological map nf the 
Argentine Itcpnhlu 1 : i,000,coo of L, Iliutm'tursofi (Gotha 1891, Awn 
Aar .CLnwii GWrAj. V I||. See also the short discussion hv U. Cunt 
(EJie pampincti .Sirruin /v-uralargcminiens. G.tt. IV, ] left 8, n>it, p , 4 --r> 

Jni1 ,Ji, ‘ -nprfoments hv If. Rasul's fMitdtt, de Asrituttut* 

f hrtxcwUrHWil d. ti., ft,I. i;, Si ne li, Jfostms Aires lyifi). 

U.vLmm l*s v % ip ifj L 1 Sh.I» hiffliifftrii hscJ silrrcuit isinmd ilic t 
presence ol hi..ad anticline* and (yndirtrt in tire ran l vs mid depressions. 


NOTES ON PACES 256-264 347 

(323) A, Srtiusa, Hrifr&gf -**r t'ititltogir umi PtdtktiittdQgif drr , Ir^rttlutiuhjtt 

Rrfmbftk, I. fcuacLBcrtta 1SS5 —G, La Siam dc Gordab^ 

Anala iXfimtL *U Igrfcult* $&ritin (ituiuglt} l I, m. 2. Bueno* Aire* 1905 

(324) R. Hi urn give* illustrations of the greatest drops on the western siik 1 
of the Sierra dc Cordoba: Eatudim gecdogieds etc., Villa Doloir^ \fimrf r de 
Agritfilt., Ditve^iatt General deMinarets, Bol. 14. Serit tt, UmnO* Aires 1916. 
phte IV, lower illustration. and plate V, 

(j 25) G, ScHMirDEfi. Apumes geon^rfnlogicos de la Sierra Grande de 
,’ordcih j. Bo/ Ai\ N'/rr. de Curat, XXV, 1931, p- 183+profile p. 189. 

{336) (>. to. rfl. fn. 325].—IL Gfk n 1. to. rtf [n. 321], p. 5K7. 

The same: Constitution gt!6ogica r hidroghitiSgica .fttt. dc In Fmnndu dt- San 
Luii. . I milts Minin. AgrimtL Stcadn Geolegia^ X, no, Buenov Aires 1914, 
p, 33. II. Ra££MU^> Lj Sierra dfil Atonquij*, AV- Argentum dr C£mt* 
Bueno* Airvi 1918, L. Rimann, Ettinlio geuIiSgku. du Li Sierra 
Chita, Uoi Atad r Ak, dr C&at, Cordoda, XXJIE. 1918, p. 129. 

( 3 * 7 ) Walther Penck, Op. iS.pp, 137, 365, 

(jaS) Figs. 6, 9 af L, Rimann'* [fertile show this m dearly iut could be 

desired* 

(329) J am here forming xher infornution given by H. SCH34IELIWR, to, at 
[n. 325], pp. e8H-I9i« I lie general situation may he gathered fitnu ! .». Roden- 
EfKMi-f H'bi small jipmcralked geological map fto. At. [n- 323 |.l, 

(330) Their convex form and alight average gradient can he recognised in 
illustration 3 of SiSfmimsa/w paper (to. tit. [n. 3as5] a p. 190}—in other raptcti 
tlie illustration i* not very good; next to it, p, 191, is an inudberg belonging to 
the highlit level, 

(33») G. BtiBWto&lM&i Const i Luchin geologist de la parte meridional de 
La Rioja y Rrgiunes limitrcf^ Hot. _*Jr_ AW. dt Cienr. Cordoba. 191 i m XJX, 
Entr. i, pp. 131 ff_ 

(332) E, RttiANN, toe. dt [n. J2h] + p. 58. 

( 333 ) G- Boden t bender, 1 j Si turn tie Cordoba, to, <yV, [n, 323 ] B p- bt, CL 
the map. The Sierra del Xorrc is not a continual ton of the Sierra I'hicn, but 
begin*. wi e11 UK trend along a more easterly meridian, approximately at the 
place where the Siena Chics comes to an end northward.*. The ends of the 
I WO chains are separated from each other by a depression. 

{33 4) Vi AhTJIttH Penck, Op. i6, chap, IV and \\ j h c^pechdly pp T 
34 ^- 

(335) Penck, Op. ib P chap. IV. The basin for what fultowN u 

Contained in chap- ill, 2 5 ami chap. VI; i«:v .d*o the profile .tmj the geolo¬ 
gical map 1 : 2 Do r ooo. 

( 336) An example of this type j> the range which rises tip from the himn of 
Tbiogasita abng tlie rise rid tan of the Sierra de Fiocnhali, soutfi of Tmogasta 
iiedf. and continues alt>ng the wesiern side uf the longitudinal depression of 
t'npattibma, ilifough winch the Hm Abjucan Hows (sec Lite nusp bx 
BRACKEEl'^Utand VYai.ther JTnck, Op. 16. pp. iK 19. sketebmap p. 15). 

(337) I* must be home in mind that the jb^dnte amount of the limiting 
xAl tie my st he v^-ry dhtcrem for individual kinds af rock, since Us esc reach 
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tltfir maximum slope gradient#, which normally cannot be exceeded. jt very 
different angle* of indtnutiint. Such diversities are shown in illustrations fp 
(Crystalline rocks) and i (Cetaceous-Tertiary) in Ualtjil* Pekck, Op. jfj, 
piste* i and 2, 

(33S) Fhz inum aily of erhsinu fo d function af the intercity of uplitr It 
increases with this so long jf limiting value, dependent upon tht ll 2 [ 1 • 'Line 
of water available, lias not been reached—it being .limned riant the character 
of the rocks is the xautc, More details will he given in later sections. Further 
increase in the intensity of uplift will then no longer be couiucrh danced by 
an equally rapid sink iny-in of tliu stream beds; but lltcsc nit raised with the 
block, and so. in .spite m the most intense Jouncutting, ch("» ere moved c' 
greater absolute height# above sea level. This again naturally brin^ about an 
increase- in the absolute altitude of the gipfellliitr, though not of its relative 
height. 

<339) S** illustnubn 29, WAtTBSs Pencil, Op. if>. 

lj4°J b I is not everywhere prwent, since in several places the younger 
atcep relief already abut* directly upon 11. The same is true for 11, e,g, tt is 
Jibscru from the rest side of tlie Tobr. Here relief types I and II! are in direct 
contact. And this may hr connected with the filet that range* at this latitude 
do nut drop to deep bolsuns on liotli sides; but on tile east they drop to 3 
secondary longitudinal depression which riw.?* to a great altitude and possesses 
in its upper parts j medium c uiiief, as yet cmapldely on directed 1 ,.tj as 
depression). Sec rig, 20 B. 

( 34 O Waltheb Frame, Op. 16 , 

(34^1 ^ ^-Tirjat FeKCK, I )p. it), pp. 377 ^■ p* 399* For the saute feature in 
Anatolia see pp, iSo-atir and Note 300. 

(343) W. Penck, Up. ift, pp, aoc^ioi. 

( 344 ) ^ glance a I tig. 20 shows that the arrangement of form associations 
typscal of type A 1 dot# not uceur in alt on the older ranges (Hj, The section# 
J. h, c (tig, 20 B) across tin? Skm de Fiamhali have been so arranged that 
rum. type* ever > u tinge t in origin arc shown luceesaiydy on ihc summits 
[I—* 111 ). The sections ntighi just a* well be transverse protilcs through the 
highest parts of three chains of different age*, which originated one after 
another in the sequence a -e, anti have (taken] the same developmental 
dkrctm » as the Sierra de FiambaJl it is immediately evident that a ere** 
section through the plunging end of the Sierra dc FiumbaM ic.fi. at the position 
.i 4 which would correspond to a section through one of the vomigcsi range*, 
ha*the forts 1 of tig. id, A 1 and imt that of A 2. 

(345) WALiran Film 'k, Op, tfi, chap, III, 2 - 4> VI, i. 

(346) See sectioni y- iS of the plate of protiles and the diagrammatic profile 
on p, 367, W, Penlk„ Qp m i6. 

(347) Owing to ibc absence of fossil* it j* not possible to determine tsacliv 
tht age of the vast continental sequence tif strata, W e are here keeping 10 the 
age dnufiaricit which m a wider connection has, up to the present, proved 
tr. come nearest to the truth: Lower Calclsa^ui beds, onlv rod and brown sand¬ 
stones; Ipper Lretaceuus; Ipper CokfcaquI beds, sand*tore, transgressing 
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over conghmetaltt at the mountain edge: Jvomrr Ttmiary l^vver IHrna beds; 
Huuffltcmr* with piryoxyJcm and, at the edgc of the ranges, (hick bcd$ of trahs- 
KTL-ssing gravels; Middle Tertiary; Upper Puna hods, pebble-bearing sand¬ 
stones, gravels ai the edge of the ranges: Upper TeniAry, 

(34S) \n J. trj\er&e taken a fitik further smith latitude of Tmoga&u) this 
transit ion al facies is mining. Obviously the sections of tin; Famuiina dudn 
ihai are concerned (C. Negro dc Ids Andes) bad already appeared h\ the 
U^r Tertiaryand there wns a pp between (hem and the parts ai the range, 
also vm old. at tlit r’dge of the Pima ft\ Paint)* a gap which whs -liter wards 
filled by the 'Sierra Narvuecy part of the range that arose later. 

( 34 fl) P lBlr ^ ill list miion i, WITHER PrNrit: Uauptzugc uu Ban tfcs 
Sttdnuukf ifer Ihifia dc Aiaeania. \ fitful* Mu 1. /J. //. XXX\III f 1914, p. 1143. 
The exposure of the AtirfiLce that uas tnuffwcd by denudation of die strata 
shove (re-exposed) Li -ai the place in the illustration as well as elsewhere- 
associated with *or»CH of more powerful tilting. Wherever the Alirfaec and rhr 
bed above it art little inclined, it has not k'tti bared by Inter denudation, but 
has—like the bed above—been merely dissected, 

(35°1 See the detailed observations an facies development and dumming-up 
ir W At Tin r< Pi \tk, Op. 16, pp. 41 ft, Clup. Ill d, and pp. 389, tL Here, too t 
feature* art- reported which hiivu to do with the thickness and faeit-i of 
depths as influenced by the geological composition of the areas of supply* 
Since they are of a local nature, nq account has been taken of them in the 
preceding page*. 

(35*) All three between ihc Sierra tic FLunkilu And die Cokhaqui valleys; 
sec BRACCEDtsai'fl niap, 

(35=) phire 5. illustration 2, G ^otogfedte Church fthildrT, Heft 24, tya 
(353} GtioiogucteClmraJt/erifddtr, Heft 24, plate*, illustration* 1 and 4! 

(354) ^ W-TH6K Penck, Op. i6„ illustrations j r 11; (J^ulu^itchf ilh#riikl£r^ 
bittffr. Heft 34^ plate j. illustration 2, and plate 2, ill net ration 1. 

{355) See illustrations 3, ll. Op. 16. and GV^%wAe CAf2^/f/rr^/j!fr lleft 
24, plate 7, 2. 

< 35^3 GVidcH^r/jr Chsru&tKrhUdeT* Heft 14 plate 1, illustration 3. Walthm 

Penck, 1 )\k t6. illustrations g, 24. 

( 357 ) k 1* similar in the ca^r nf the Hanks, sometime* of considerable sieep- 
[il^. of the high range* that originated nir/irr, as c.g. the Ncvndus dc h 
I aguiM Blanca. A number of higher, majestic chains, originating later, rear up 
above the west side of iltL very old granitic chain* In contradistinction to the 
broad folds of th e southern Puna, of the same age but lower, they are dissected 
by rocky steep relief into sharp jagged crests, between which there run deeply 
incised crational volleys. Farther lu the north of this system die 4Uperpn*iJ 
volcanic Vnrcl*, still preserved there, make it evident that the rocky crest* hove 
Ikcii sci dp Hired out of quite simple anticlines, and that the longitudinal valley* 
are sunk into similarly simple ^ynclincs. 

( 35 ^ Owfopsettr Uutrakftrhildtr, Heft 24, place 4, illustration 4. For the 
geoJ«#^I conditions see WAt mm Penck, Op. i A pp. ?z -73, 212-215, 

3 oz r IlluRtration 3 showa the range at an 2cute ancle to the strike, 
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The range west of the Outsell uil depression Wongs to the same serie*, 

illitjtrillion 10. 

Hut ii docs nor show that denudation began only after die completion 
of the folding* Obviously the two were absolutely tuiimltancous. Et therr-furc 
ivTipng, without further information r to cnncludt frnm a penepJanc which 
extends over folded si rata little older than itsdf, that it b of a liner age than 
the folding. It is younger than tbtsinitiif btit not younger than ihedeforrrutton. 

{Mountai n range* o f the Great Basin P for, dt. [n h 3 s 5 ] „ p. 742, 

(36j } For literature, ice Notes 127- i j 1. 

{36a) See A. TakCL, AUim Tthrtrrae, it>14! for pent:plants (and piedmont 
fiats) and their breaking up into convex intern lediatc forma; Band I, ill nai ra- 
tjuns on (slates 37, bp, ^7, GB, Band El. plates 6 + io, 17: for strep forms of the 
liiglicSt central imm m ainla nds: Bind i. plaits, 54., ~o r Band IT, plates ji;, 
45 F etc. 

(363? Sea A. TtfEU toc*eil+ [m 362 3. Band II, pine jo, 

(364) See H- Sthj.e, Geologische Srndien im Gcbiei des Rio Magdalen*, 
r\ Kj<?irn-li nfx'hrijt, 1907;—W. SiEVBiS* Z.G.ti. Grogi* IM, Ell, lid't I, 
i?iSH and dscurttere. 

(365) W- M- r>AVEi p The mountain range* of the Great Basin, for. or, [n. 

3i ^j A. C Law i-N fc Gtmmorphrjgrijy of the upper Kcm Basin, Cahf&rma 
f/nfc F Dept. Grdogy /M/, ill, Nil a 5. 1904, p. A, Rttm, Gee- 

morphngeny of ihc Sierra Nevada imrth-cjM of t*ake Taho<\ ibid. V I. 191 t 

A. KnopF, Inyo range and the eastern *Lopc of ihe *^uihem Sirm Nevada, 
Cal, for, at. [n* 31 +]. 

£366) \ profile through the Sierra Nevada, etc. Am. geojrr m Sol\ Tram- 
eon titimtoi Excufikm , Me mu rial Vol 1915, p. 313, 

(367) rA&geat Sun', ptnf. Pap,, no. 19, Washington njot* 

(jfiS) The Rocky Mountains also belong to this senes., W. M, EXwi-s The 
Colorado Front Range, Ann. . fosoc. . im. CJiog J\ E. 1912* 

{3G9) Fur the Pamirs see R, W. PuMP£U.V + Phyatographic obaeirilicms 
between Syr Darju and Fake Kara Kill on the Pamir, in 1903. Cam. Inst. 
Puhl, 110, 23. p. 122,— A. Schultz, Landeskundlichc Forschungen im Pamir, 
Ahl j . Iltimfwrgtr Koiomahnst. XXXIII, Sent* C $ 1910, For the morphology 
of the Tkn Sirin: M. FRiim^iCHSEK, Fqivchung^rebc in dtn zcntrajtn 
TienScbam Mitfdl . Gnttiicht Hamburg _\X T 1894,—ft, W. PirAtrauA, 
Physiography of central Asian desert* and Corn, fntf. Puhi, un, 73. 

190$. p. 243. — -U \1 Daw, A journey ucroes TitrktJUan, /M 7 ., no. 2ft. 1905, 
p 23, -L. Utrtcn^UTUN. A geologic and physiographic reciinndsaauLzc in 
central Ttifbustaa, /Art/., no. 23, p T 159. — H- Keidel. Em Pro Cl dutch den 
ndrtllichen Tienschan Ahh. k. Bayt . {had. Whs. II Kl. XXIII. Abt t, 
Munchen M/oft, p- y t. and S.J, Min * B. B. XXII f 1904. p. 266.— K. Leucjjs t 
Abh. k. fimr.. Iked. Ifrts. II KL XXV * p- 95. Muiichcn 1912.- F. MAtHAT- 
sciilk. fkr wtslichtr Ticnschan. I*.N- Erg.-Heft 17ft* 1912. —E 1 , Ghohfr, 

I>cr ->udliche Titn^chan. Gwgr. Ahh. X, Ifoft [ r Leipzig 1914. See also the 
discussmn nf n’ccni lilcrnturc by F. ^IacUatbiuiek [G.%. XXj blcft 5, Eeippisg 
1914, p. 157), the gctieml acxtium oi the girt^logy in K. Leucilk. Zentralsaicn. 
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f/fradke/i RtgimmL (k\ 4 . \ m Abt. 7. Hcicidbrtg 1917. And M. I Hr?:r^- 
lcmrrs c 5 Uipt^mphi^l t'ierrie&Uktijtt (/'.* i XXXI V„ 1 

(370) B. Willis, Restufch in Ckim. Washington 1907- F. M \i m 1 -. iiu^ 
Ober qwrogcjittt^cbi BcucgtifigciL BIbl, geogr. Htodbflcbcr, i'WAoiuf 
.-MAwA/ /VrtA, 1 fji&, p. 1 (tSK 

(371) K. laddies thinks llud they are atwav* directed from the high-iying 
parts 10wards the depraafon*. OM. V p I left 2,1914. p, & 

(37a) What IVlAniATFCHEK cites in oppmlkm to this h irrelevant; it had no 
connection with the principal issue, which cannot tw settled by pointing to 
existing faults - which nobody doubts if they have been proved to exist 
(jl firrdt. kA grtgr. Gtitlhrh. Wien 1915, LVIJ 1 , Heft 7 S p pp. 398 th}. It is fc 
however* an entirely different q nation whether, an UhfnikH think?, the Tarim 
Basin and l ien Shan a* a whole represent fold elements. W n confine she term 
broad folding 10 die element which compose a System of ranges. 

(373J L» forme? du rdtef dan* FAItai mast- etc, Fenmu\ XL mi* 2, 
Helsingfors 1917, 

(3 74 } E. Nqwace, Zenit aM* Mm. 1921, nos. U 7, p, 17$, Z.D.GA". 
Bfrlm * TrXLN, 1920. Mrmniabcr. no r S«10, p. 241. GJt XIL Heft 1 2„ 1921, 

P 35- 

( 37 S) S« iitufltfations 5 and S-10 of the paper by Guano that ha* been 
quoted |n_ 373]* 

(37O) G* A. F. MtiLDiGnAAfFt Folded mountain chains etc. in I he East 
Indian Archipelago. C\ R Xil intern, geakgient Cmtgrrst* Toftmio 1913, p. 
689. Modem deep sea research in the East Indian Archipelago. G.J, 1921 r p. 95. 

{377) See the compilation fey Mm iwrsciitiK, Cher epirugriwtische llewt- 
gungen, k at. [fi. 370]. 
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TAHLE OF CRETACEOUS AND TERTIARY FORMATIONS 
(lo show the position t>f beds mentioned in die test) 


Period Erocii 


Neqgtm 


PiiiKtn? 

Upper 

Lozier 

Miocene 

Upper 


AfiK 


&£* Etttvpt 


Fisbrvgznr 


Middle 

Lower 

Oftg&ttftr 

Eocene 

puliztKznt 


Upper Levantine 


Upper Dacian 


Lovvi^r Levantine 
(- Lower Dacian) 
Fontian 
Ma’Olini 
Sarmalian 




Epoch 


Vindoboniiin 
(= 2nd Mediter¬ 
ranean) 
Sclilier 


IEi Mediter¬ 
ranean 


Italy 
etc r 


Sicilian 

Calabrian 

Aitiais. 


Plaisaneian 


Other 

CwTrhilivnt 


Crag ctc h 
(England) 


Leiibjm (Eng.) 


Sahelian 


Turtanian 


Helvetian 


Langhian 
Aiputa 


UasteU 

Combeitu 


Upper Kreah- 
ivaicr Molasse 
(Switzerland) 


Marine 

MoLlhsc 


llurdigalian 

(France) 


Stampian 


(sub-dnftsiotii omitted) 


Ac ;t 


Crrtaceoiu - 


Upper 


Lower 


Daman 

ScmjnLm 

Turanian 

Cenomanian 

Albino 
Aptian 
Batrtmian L 

IlQiiterivian Neocoinian 
Yaknginiuri j 


JFtrrmiir 


(Hubnlivtiinns omitted) 













































SUMMARIES 

(by K, C. B.) 

CHAPTER I 

INTRODUCTION 

i. NATURE OF THE PROBLEM 
Gcofnori'hgUjg}'* is the Concern of belli geography and geology. How¬ 
ever, its real significance is not so much the description and explanation 
of the visible land forms as the solution of problems of crustal movement 
—a nun ter of geology. The development of the forms is a problem of 
physics. 'The earth’s surface separate* the Spheres of action of the internal 
f eiidc >ge sit lie) forces, expressed by crustal movement, and the external 
(exngenetic) ones causing denudation, The resultant land forms depend 
upon the relative intensities of these two seta of processes, which act in 
opposition to one another. 

a. BASIS, NATURE AND AIM 
OF MORPHOLOGICAL ANALYSIS 
The three elements concerned are internal or endogvnetit processes, 
externa! or cxogenclic processes, and the land forms developed from 
their interaction. 

Two exogenetic processes may lie distinguished: weathering, or the 
preparation of rock material for removal; and the transport of this 
‘reduced’ material [W. Penck uses the icon Aufberdtung. here trans¬ 
lated ‘reduction 1 , apparently to stress the idea that disintegration is 
preparatory to the next stage as when an ore is 'reduced']. Transport 
is brought about by the fnrec of gravity, both when weathered material 
slips down by its own weight [what Penck calls spontaneous' move¬ 
ment], and when it is moved along by some outside agent such as water 
or ice. Denudation is the result of such removal, and is conditioned by 
the law of gravity. Differences of rock material or of climate merely 
modify the detail, of the processes. The ntudy of noth has taught us 
much about the processes of weathering, but, though open to direct 

9 WiWiet Penck never uses thin term, 
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observation, there has been little exact measurement of the movement of 
die ’reduced' material. 

Investigation of the denudational forms should include the strati - 
graphical relations of the deposits formed by the material that has been 
removed from them [what W. Penck terms the ‘correlated' strata]. These 
throw light on the history of the denudation at the place in question. It 
must he borne in mind that the morphological features themselves do 
not conform to a single general law. 'They are individual in character, 
being dependent also upon local crustal movements. 

Since direct observation can be made of exogenetie processes, and of 
land forms, it should be possible to deduce the course of the third ele¬ 
ment. Lite endogenetk processes, which cannot he seen (except in their 
by-products, earthquakes). Studies in morphology' and tectonics sup¬ 
plement one another, and can be used together to find out the causes of 
Crustal movements, the main problem of general geology, 

3. CRITICAL SURVEY OF METHODS 

(a) Cycle of Erosion 

Davis was the first to attempt the analysis of land forms from the 
point of view of development, using the method of deduction, All appli¬ 
cations of his concept of an erosion cycle, however, have been based 
upon the special case of a rapidly uplifted block which came to rest 
before its denudation began, liven opponents of the Davisian school of 
thought have done this. Hut the fact that deductions have so far all been 
made from an inadmissible premiss docs nut discredit deduction as a 
means of investigation. It is an essential, without which gen morphology 
tarirt : 1: become an exact science. 

(i) Relationship between E.ndocenhtjc and ExocENErtc 

Processes 

Earth sculpture depends upon the ratio of the intensity of endogenette 
to that uf exogenetie displacements of materia!. The existence of any 
elevated land shows that the external activity has been less than the 
internal. Hence the resulting land forms must show the influence of 
crustal movement. The rate of denudation increases with the gradient, 
and so usually with the height. Thus the ratio changes in favour of the 
extigenttic processes; and instead of an indefinite increase in altitude, 
conditions, approach cluster and closer to equilibrium. Therefore in study¬ 
ing how denudational forms have arisen and developed, it is essential to 
find out the ratio of uplift to denudation, ami how this has altered with 
um. Writers on this subject have usually considered cases in ivhich up¬ 
lift is taken as ended before denudation begins. A similar device is used 
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in school physic* to obtain the resultant of processes acting concurrently. 
But this is permissible only if dealing with forces acting uniformly, he, 
producing equal results in successive units of time. It Is not permissible 
in the case of uplift and denudation, 

(r) Tm Differential Mbiuod 

If the idmulmneou&iy acting forces are not uniform, ii is nece^ary to 
follow their course continuouyly, by infinitely small steps, i.e. by the 
method of the differential calculus. Not tint, but an infinite number uf 
evolving senes of forms may have led in any particular hid form, 1 lie 
differential method must be used in working out the interdependence of 
crustal movements, erosion acting along a line, and denudation over a 
whole surface, 

( d ) Present Method ot Approach 

This will be the study of denudation and its preparatory processes, 
with the object of discovering what laws control it. Only those processes 
will be considered which are dependent upon the surface gradient, and 
*0 upon movement of the crust. Weathered material may move under 
the influence of gravity done [what W. Penck terms ‘spontaneous' 
raiDYemehT] nr with the help of moving a gen tv The movement of these 
latter may, like ocean currents* be due to differences of pressure, and so 
have no bearing upon crustal movement. Wind action may determine 
the base level of erosion for slopes draining to an inland basin, but it 
cannot excavate betnw the level of the water tabic; and so the resultant 
gradient ts dependent upon climate, not crustal movement. Neither do 
the effects of moving ice give the desired information. Here the lower 
edge depends upon the position of the snow-line fa matter of climate), 
and upon the mass of the ice stream. Uplift or depression alters the posh 
tion of the mountain summits with relation to the snow-line, not of the 
snow-line in relation to sca-lcvel. It is possible to decide whether the 
relative shift of this line is due to climatic change or to crusUiJ move¬ 
ment; but not to deduce anything about ihe itaiorc of the latter Coastal 
development also lies outside the scope of this work. Even if custarie 
movement can he excluded, evidence as to vertical displacement of the 
coast line tells only that there has been movement, when it began, and 
its direction—practically nothing about changes in intensity. In this it 
resembles strutigraplocal evidence. Oscillations ot sca-levcl muaL hew- 
cvcr* be given some consideration, since they a licet the base level of 
erosion for ruiuiiug water, and so the modelling of the land by both 
denudation and deposition. 
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CHAPTER 1J 

THE EARTH’S CRUST 

Eor the detailed sculpturing of denudational forma, tile determining 
factor is the rock, its cohesion being of great importance. JTht author 
uses the term 'rock conditions'— CttUumerkdltnifse - to cover mincra- 
logicaJ properties, structure (e.g. divisional plants, porosity, cementa¬ 
tion, stages in metamorphosis) and bedding. For want of a better expres¬ 
sion, tins is translated as the character of the rock wherever the term 
occurs in this book] '1 Lis adaptation of fumi to the character of the rock 
must lie carefully traced out before the part played by crustal movement 
can be distinguished. 

In addition to the dynamic side of cn dog trie tic processes— the move¬ 
ment, there is the static side—tile results. These comprise (a) the com¬ 
position of the crustal material, (fe) its structure, and (r) its altitudinal 
form. 


i- COMPOSITION AND STRUCTURE OF THE CRUST 

Substructure and superstructure differ, Folding is the characteristic 
of the substructure. Increasing compression may put a limit to folding 
and lead to metatnorphism, such as is found in the depths of fold-belts, 
fl ht author does not use the term Metamorphose or mdattiorphiwhr Cet- 
teitu though he here writes of VmprSguttg— re constitution. J The material 
is predominantly siliceous, consisting uf reasaorted sedimentary material 
and of igneous roeb. Vast areas of substructure are visible at the earth’s 
surface, since the superstructure, of unfolded strata, forms an incomplete 
cover, much having been removed by denudation. What remains is 
largely composed of the chemically liable end-products of weathering. 

In Archaean times, no part of the earth's surface seems to have 
escaped folding. With each recurrence of this, the affected parts have 
been successively narrowed, so that the moat recent zone of folding con¬ 
sists merely of two curved strips, the Pacific belt and the Mediterranean 
Lett. J he areas withdrawn from folding form rigid continental masses 
and here the superstructure rests undisturbed upon the metamorphosed 
and now stable substructure. But within the fold-belts, the lower parts 
of the superstructure, folded to incompetence, become part of the sub¬ 
structure 1 his remains unstable, capable of sinking to form further 
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gensynclines. But the rigid continental masses grow at the etpense of the 
zones of instability - 

2. THE ALTITUDINAL FORM OF THE EARTH'S CRUST: 
HOW IT IS BUILT UP 

There arc two major types of relief: ()) the simple relief formed by 
warping nf the stable regions, and (2) the vert varied relief, based on 
mountain chairs and elongated depressions, found in the two zones of 
instability. 

In the stable continental areas, the youngest folded structures are of 
late Palaeozoic age. The continental upwarpings usually cut across them, 
liven when they show mountain features .it the present day, these arc 
unconnected with the folding, being due to comparatively recent arching 
(e.g. the Appalachians and the Urals). In The zones of instability, the 
mountain relief and the lines of folding do coincide. For the Sriimpenn- 
Uimakyan belt it was possible to uphold the concept that the folding 
caused the uplift. But for the Pacific fold lines of the two Americas, such 
a causal connection cannot be maintained. Tw'o sets of facts provide 
evidence against the view thaL the uplift was produced by the folding, 
{l) Intensity of folding by no means always corresponds with mountain 
relief. In several places'(e.g, the Dinaric Alps, Lhe western Taurus 
Mountains and western Argentina) transgressing strata pass from con¬ 
formably bedded strata on to violently folded tails, along an almost level 
surface. Thus indicates that the latter never had any other relief, since 
the unconformities pass into bedding planes, and also there could not 
have been a sufficiently long time interval fur peneplanalion. (2) The 
mountain belts of the world arc far more extensive than the zone of 
Mesozoic-Tertiary folding; and sometimes, even w ithin it, the mountain 
ranges cross the lines of folding at an acute angle (e.g. Inner Armenia). 
At times the superstructure of the mountains is unfolded, and lies upon 
j substructure folded at some distant geological period. This is true of 
the Andes and of w hat were taken for fault blocks in North America. 

The ridge and furrow effect is due to broad folding {Crmtfdtung). an 
undulatory upwarp accompanying regional arching. 1-suits may occur as 
minor phenomena associated with its increased intensity. Probably such 
uplift fas contrasted with the folding due to compression) is caused by 
the entry of magma into the crust. Especially in arid regions, deposition 
often rakes place in the broad synclinal depressions, and the strata in 
them become distorted as the broad folds rise on either side. 
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3. CONNECTION BETWEEN ALTITUDINAL FORM AND 
THE STRUCTURE OF THE EARTH'S CRUST 

In the smnes of Mcsuaoic-Tertivy folding there has often been an 
overlap in time between the corripressumgl folding and the uplift due to 
broad folding. This latter effect seems to come into play when the ori¬ 
ginal folding has brought the rocks to the phase of incompetence and 
they are becoming incorporated in the substructure. Structure and relief 
arc thus different effects of Lhc crustal movement. They may lielong to 
crustd movements of different age, as for instance the Variscao folding 
of the Harz massif and it* later uplift. The records of that are to l*c found 
in the distortion of the at rata of the superstructure lying in and at ihc 
side of the old folded material- The structural features will he preserved 
after denudation has levelled the relief. 

Thus from a combined study of structure and relief it becomes pos¬ 
sible to deduce the course of crustal movements. The structure is seen as 
the total result of the crustal movement; and *0, given a constant inters 
stty F is a function of time. The relief, given a certain duration of time, is 
a function of l he intensity of the uplift. The study of land forms w com¬ 
plementary to the study of structure! But $0 far ton much attention has 
been devoted to the adaptation of forms m structure as revealed by ihe 
outcrops of different rocks, and too little to the crnstal movements which 
produced the gradients n&&amy before denudation could begin. In the 
Swiss jura t for instance* the development of land forms, as they became 
adapted to structure has been influenced by further growth of the 
structures. 
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CHAPTER TS 1 

REDUCTION OF ROCK MATERIAL 

A surface of solid rock is usually more or less smothered in rock 
derivatives, varying from fragments of relatively fresh rock, through all 
degrees of comminution and chemical change, tu chemically stable «r un¬ 
alterable end-products. These are prepared by a process of progressive 
reduction \ Aufbrreitun^}, the essence of which is to bring about ever 
increasing mobility in the crustal material. 


1. THE mature of weathering, exposure 

Weathering brings about physical and chemical changes, and can 
occur only where the rock material is exposed to atmospheric conditions. 
Unless this exposure is preserved, weathering comes to an end. Though 
exposure is originally the same on every surface, more rock materia! is 
reduced the greater the area of surface exposed. Since a high mountain 
ha« a greater surface than a low hill of equal base measurements, steep 
slopes reaching high altitudes are more rapidly demolished than gentler 
ones with lower elevations. Exposure is of immense importance in 
preparation for denudation and in the process itself, 

2 , WEATHERING PROCESSES AND THEIR PRODUCTS 

The processes are 11) mechanical disintegration, (2) chemical altera¬ 
tion, which is accompanied by disintegration, and (3) solution, which 
may be separated from (a) because, acting alone, it may affect large areas. 
These three processes work simultaneously, but their relative importance 
varies in different parts of the world. 

(o) Mechanical Repuctign 
Effect of Insolation 

Rapid changes of temperature lead to tensions between t he outer pans 
of the rock, which arc most affected and respond by changes in volume, 
and the inner parts which suffer less change. It is only under the clear skies 
of arid regions that the strong insolation and subsequent radiation by 
night cause sufficiently rapid temperature changes for rock shattering to 
occur. The process comes to an end when the fragments arc too small 
for there to he any perceptible log between changes at the surface and 
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in 1 he tore. The worse the mck conducts heat, ihc smaller the fragments 
before this occurs. In^ohitic-n rubble begins as cuam fragments, but in 
its later stages has &. large admixture of fine particles. 


Fftxff ll Withering 

Frost shattering is due to the expansion of water as it freezes in the 
rock fissures. Freezing takes place do',vnwards; and so the ice stopper 
causes pressure to Ijc passed hvdrostaticaUy downwards as well as in 
ether directions. Thu? mechanical loosening takes place even below the 
actual rone of freezing; hut this effect never goes deeper titan a few 
metres, it h essential that (he rock should l>c porous, or fissured, and for 
the geographical distribution to be near the snowline or on the colder 
side of it. 

Them is also mechanical breaking up by the roots of plants. It occurs, 
too, a& an accompaniment to chemical weathering, and to solution which 
”ciu-nilIv acts Jung special planes of weakness, loosening the unaffected 
Lumps iif nick between them. Hus is the principal way in w hich mech¬ 
anical loosening of reck fragment* takes place in the muisi tropics and in 
the temperate regions. 

(A) Chemical Weathering 

" I "his requires the presence of wafer. For the weathering of silicates, 
its mmFatjnn—twice as great in the tropics as in temperate regions—is 
far more [went than the presence of dissolved carbon dioxide, or other 
add*, in causing the decomposition, Bdow o* C.. chcrmcal weathering 
ceases. It is of greatest importance in a humid* warm temperate climate. 
Ii. is aided h\ the action of bacteria and by a covering of vegetation. Nut 
only do life process lead to the excretion of acids n hui ihe plant covet 
*tutt> tlte water required and allow* it tu pass slowly into the substratum, 
lengthening the period of chemical attack upon the rock surface. Even 
more important „ the dead plant,* decompose into chemically active sub¬ 
stances. like carbon dioxide and the humus which plays such a great part 
in $oi! reactions 

The end-product® nf weathering arc usually colloids, consisting of a 
seric* of clays and bun is. What differences exist, depend not upon the 
rock* from which they are derived but upon the climatic conditions 
under which they were produced, so that they arc sometimes termed 
climatic soils. Because of iheir capacity for adsorption* the presence fit 
these colloids has an important effect upon denudation. When they have 
taken up water* they arc highly mobile. On dry ing, they become hard 
clods, unless there lias also been adsorption of dissolved aaita. when they 
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become crumbly. Calcium carbonate is the commonest of these; ami the 
terTa rossa on limestone is an instance of such precipitation of colloids 
from the soil condition. The acid humic substances, also colloidal, are far 
less sensitive to die effect of electrolysis. When present, they hinder 
Hoccubrion of the inorganic colloids also. Neutral Humus does not have 
this effect. 

In studying denudation, the distribution nf humus tnmi therefore he 
considered- This, depends upon the rain Factor, a relutiun imE^cen 
precipitation and temperature. Humus occupies only a narrow- girdle 
within each of those tlircc strips of the world (separated by arid belts) 
dial are covered by vegetation! and these themselves lie within the 
wider zone of chemical weathering. 

(r) Solution 

'Flic solution of limestone is a reversible chemical change. In the 
tropics, there is lese carbon dioxide dissolved ill the water, hut the acids 
excreted by the vegetatiuii are important. Not even deserts arc entirely 
waterless, and solution may be effected by dissolved .salt?, e.g. silica is 
soluble in a solution of sodium carbonate. I hns slight hollows, in which 
water lingers, are deepened by chemical action aided by die wind which 
blows away the crumbling residues. Similarly salt solutions within a ren t 
lead to internal decay, though solutions reaching the surface will crystal¬ 
lise om, Honeycombing of sandstones by solution of the cementing 
material is not confined to arid or semi-arid regions. 

3, RATE OF WEATHERING AND differential 
WEATHERING 

The rate of weathering, for an attacking force of given intensity and 
the same degree of exposure, depends upon the resistance of the rock 
concerned* This is due partly to the method of its formation, partly to 
characteristics acquired later. The inner surface, or extent of pore space 
and parting planes, is of great importance, since percolating solutions 
can here reach and attack the rock, destroying it front within. Certain 
rocks, like quamitc and day, the composition of which approximates to 
that of the end-products ..f weathering, are very reds taut to chemical 
weathering. T'he rate is also affected by climatic conditions. 

Differential weathering (l) loosens fragments from the solid rock, by 
attacking it along lines of less resistance. Especially when carried along 
by running water, these fragments do mechanical work upon the materials 
over which they pass. (2) It produces relief features as less resistant rocks 
wear down to form depressions, leaving the more resistant tines up- 
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j *tan4iiig. ]t is the relative resistance that matters; atid the same igneous 
dyke may give rise to a wall in otic place and a trend 1 in another. 

1. nresislant rocks are those in which there is rapid reduction 10 a state 
of mobility, sufficient to a lie ay of denudation. The adaptation of land 
forms to different rock materials is a matter of time— a mathematical 
function of time if the differences in resistance to weathering are coii- 
slimt and other conditions similar. 


4 . UNIFORMITY IN THE PROCESS OF ROCK REDUCTION. 
THE Spll, PROFILE 

The complete soil profile, where there has been both mechanic,!I and 
chemical weathering, shows [from the surface downwards): the end- 
products of weathering {day or loam); a mixture of these with more or 
less altered rock fragments, increasing in number, size and freshness till 
a definitely rubbly horbon is reached; between this and the merely 
loosened parent rock, a acne of special importance to denudation, 
where rearrangement of the !.>i>*ened fragment-, occurs. Below the 
loosened nick is the untouched ?oiid rock. As each horizon becomes 
more weathered, the whole series pushes down further into the parent 
rock. I he amount of weathered material determines the amount of 
denudation; the degree of reduction (which includes alteration as well as 
comminution) decides the onset of denudation and how it proceeds. 

No absolute limes are known; but rock reduction takes progressively 
longer to produce each higher horizon, since more and more divisional 
planes are required in the change from rock loosening to rubble, ruhhle 
to very r fine fragments, and these to dust or colloids. Thus the degree of 
reduction is not directly projXJrtional to the duration of the reduction, 
but decelerates (so long as exposure is unaltered). However, for a given 
rock .ind given exposure, the total quantity of rock waste, the depth of 
the suil, dues depend directly upon time. By uniformity of rock reduction 
is meant that (on similar rock, with similar exposure and similar climatic 
conditions! if profiles have the same topmost horizon, they must have 
had equal periods of time for their formation—because the same 
number of divisional planes will have been required. Denudation, on the 
other hand, does not act uniformly with respect to time. 

5. UNEQUAL EXPOSURE 

(1) Plant cover: This reduces exposure to mechanical weathering, but 
increase* exposure to chemical weathering. 

I 1 ) Rubble and soil cover (not always stationary): This also hinders 
mechanical weathering by lessening the exposure, though it may favour 
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chemical weathering since it retains water, especially- in its lower parts. 
Sometimes this chemical change may even eat into the solid substratum, 
though rearrangement of loosened fragments is prevented. Thus at the 
upper surface of the parent rock, exposures beneath a soil cover of vary¬ 
ing thickness may differ, although the upper surface of the soil has the 
same exposure in each case. Where the soil thickness gradually decreases 
to nothing in a horizontal direction, mechanical weathering takes place 
far mote rapidly on the hare rock, so that this tends to 'catch up’ as 
regards depth of soil and degree of rock reduction (or preparation for 
denudation). This is particularly important in the case of inclined 
surfaces. 


b. MOBILITY OF REDUCED material 

Mobility* is the essential feature in the preparation for denudation, 
and making crustal material mobile is a matter of uniform progress (uni¬ 
formity of rock reduction, p. 51). 

Moisture lessens mobility when the dry substance is (like insulation 
rubble! less cohesive than water; but increases it for colloidal matter 
w tdeh when baked dry- is more cohesive than water. 

Rounding of fragments, as well as decrease in size, increases mobility. 

In verv cold regions, salts are less soluble and so there is leas elec¬ 
trolysis of the water and colloids remain unprecipitated. This increases 
the mobility of moist rubble, thus aiding rock-flow and solifluction. 

In arid regions, the colloidal material is crumbly from adsorptive 
saturation with salts. This reduces friction. Also, in the mixture of grit, 
sand and dust formed by insolation, the coarser grains exert unequal 
pressure on the finer ones, which then slip away, 

7 . WORLD CLIMATIC AND SOIL ZONKS 

Everywhere the action of weathering is to increase the degree of 
reduction of the rock material, so increasing the mobility of the rock 
waste. But the rate of reduction differs from one climatic region to 
another. Under polar climatic conditions, the material is mobile at snnw 
melt, immobile when frozen. In humid regions, temperate and tropical, 
chemical weathering is important, and the constant moisture leads to all 
the material, even the rubble. being perpetually m a mobile state. A dark 
colour is imparted <0 the soil by humic weathering. In the semi-humid 
region* (which include mtuujonn arcus) there is alternation of wet and 
dry season*. When dry, the colloids leave a binding effect, rendering ilu- 
matcrial immobile. The soils are red. in arid he I is (am! continental in¬ 
teriors), the reduced material is always mobile (sec section 0). In sciui- 
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arid regions, there is Jca&t mobilily at time of transition from rain to 
if mug 111 and vice versa. 

In even climatic region there are upttrna fur ilie mobility of reduced 
r*jek material* and these are at tile places where moitturc is to be found 
all through t hc year. 

[There follows an enumeration of the soil belts of the World.] 

8. LIMITS Oh WEATHERING 

The depth of weathering is dependent upon the position nf the water 
tabic. For below it, inadequacy of oxygen, and increase in live content of 
carbon dioxide and dissolved minerals leads Up cementation in place of 
weathering. If the whole soil profile consists of h table end-products 
of w eathering, reduction nf course ceases^ and the depth of foil should 
depend solely upon that of the water table, ii s 1 r since the depth nf tile 
a 1!mi! t=r>il cover often differ- greatly from that nf the water table (as 
calculated from ;i knowledge of the climate. rock materials and surface 
relief), it follows that denudational processes must play an important 
pari in hindcntig ihc formation of an ideal zone of sod. 

9, RELATIONSHIP Ob WEA THERING TO 
DENUDATION 

The water table is nut :i Axed level even if climatic and rock camliiiuiia 
remain unchanged. It sink* as the exposed surface is lowered by denuda- 
linrt. and with it the lower limit of weathering, and thus each horizon of 
the soil profile Kinks also, litis mean* downward mtnwent uf the border 
tour: between mik ha^cning and the rearranged fragments in the rubble 
horizon, or Rnu-;\ ai 0/ Exposure which is dependent upiin the intensity 
of denudation. T his in its turn is aiFeetcd by the rate of rock reduction. 
Renewal of exposure is most rapid when denudation removes the merely 
loosened material from the Utre rock before the complete soil profile has 
had time to form, Ac the other end of the series, is the condition when 
denudation is so slow that end-products are formed right down to the 
water table, the soil increasing in deplh till this brines it to a halt. In 
between h a slate where the speed at which reduced material is removed 
by denudation from the lop of a complete $oii profile just equals the nice 
at winch fresh r< !■ i? weathered imo the end-product. In this case the 
soil thickfce$a remains constant. 

For any given gradient, removal of material is related tn the length of 
time which die process of reduction requires in order to produce the 
degree of mobility required for migration along that gradient. 

Mwnsiiy 0/ rftnudiUirm is measured by the quantity of reduced material 
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removed in ms si time. The rate .u which the reduced material moves on 
i*measured by the distance it travels in unit time; ami this depends upon 
both the type of denudation and the type of mnteriu! Transported. Fur 
'spomanenus' movement, i.c. migration of the reduced material by the 
force of gravity alone, the intensity of denudation may be measured by 
the time taken to produce the requisite mobility, tt Es greatest on bare 
rock. If the reduced material cannot move away freely, but accumulates* 
txpfjsurt is da rt us ed < and so intensity of denudation dims n is lied until 
equilibrium is attained between preparation of tnaicriai and its removal. 
This removal ^dependent upon the gradient of the dope- atid in general, 
the thickness of the soil cover increases with decrease of gradient, and on 
steep slopes only the lower horizons of the normal soil profile appear at 
the surface. This is true for moist and arid climates. 

Seas of Rocks Or B!oek Seas are iJluamtioiu if the above relationships 
between weathering and denudation. ITiey arc comm on in the German 
Highlands and have been considered to be the result of frost action in 
the Pleistocene period. But they also occur in t'ruguay and south Brazil 
where such an explanation is not possible. Here, too, they are associated 
with specific rock types {c.g. granite, syenite, quartzite, ba&allj and on 
definite gradients (15 to 30 )- Observatidn shows (liar there are two sets 
of accumulations uf blocks: 

s. Scren uf angular fragments, found on very *tecp ilupes usually 
near a rocky source of supply, c.g* precipitous eragf, 

z. Those supplied from the rocky substratum itself, but found only 
where there is a definite gradient (though muffle blocks may ^lip down on 
to gentler slopes below). In this case the blocks tend to be rounded, and 
to be embedded in fine material which has undergone chemical decom¬ 
position* Where the gradient lessens, the blocks project less and even 
disappear* being butted in gritty foam when the inclination is teas than 
to*- On steeper gradients^ the fine material slips down and may carry 
blocks with it. 

These two typo may merge into one another as the slope of the 
substratum alters. The blocks begin lu appear ssa the slope becomes 
aumck-m for the fine material eo migrate; when it in. so steep that they 
themselves slip down before chemical reduction has had time to lake 
pbce 4 die result is scree. 

Summitry r Seas of blocks correspond to definite horizons in the profile 
of reduction, which reach the surface on certain gradients, because of 
the - spontaneous 1 migration of the reduced material, this being more 
intense and more rapid the steeper the slope. Thus* for transport by 
denudation, there is needed (*1) a slope, (£) mobility of the material. The 
steeper the gradient, the Eri>s the mobility needed for denudation. The 
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ratio uf gradient to mobility determines the intensity of denudation. 
Weathering is responsible only for the mobility of the material, i,e. to ek 
reduction, and the* depends upon, the kind of rock and the climate. The 
nature of the rock determines the quantity reduced to mobility in unit 
time; the climate influences the composition of the result But no one 
climatic region specially favours denudation over the whole surface; nor 
—provided thcendogenerio conditions are identical—do different clima¬ 
tic regions lead to different denudational Forms arising from a different 
course uf development. 
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CHAPTER IV 

MASS MOVEMENT 

It is denudation, be. the removal of weathered material from its place, 
which produces land forms. Gravity is the tinting force, often through 
the agency of j moving medium, such as water or ice. The How is along 
definite lines of motion, tending to produce linear results, whether river 
bed or glacier lied—though in the ease of air movements the 'bed' may 
be a wide stretch of land. fifott^lnnsport of loosened solid material is 
thus restricted to the paths 0/ the musing media. Outside them, there is 
mass-movement, 'spontaneous' migration under the force of gravity alone. 
The two together give rise to dtnudaivm 0/ the t choir surface, or sheet 
denudation, in which the movement is determined by the gradieni of 
each individual slope. {Contrast the action of wind, which may move 
material up the land gradient.) The full force of gravity is effective only 
where there is free fall from a vertical precipice, Elsewhere the effective 
component is proportional to the sine of the angle of inclination. Mass- 
movement can neither start nor continue unless the opposing roiistance 
has been overcame. 

1. RESISTANCE TO DENUDATION 

The connection between denudation and crustal movements is that denu¬ 
dation lends to bring the material it moves into a position of stable 
equilibrium, whilst crustal movements disturb such a state of rest. 

Resistance to denudation depends in the first place upon the property of 
Cohesion in a rock. 


Cohesion in Rocks 

Some rocks have practically no cohesion, even in the to)weathered 
state! examples arc recent unconsolidated matter and. most important of 
alt, rocks containing colloidal day and thus becoming mobile if wetted. 
Clay is far mure resistant to weathering than an igneous rock; and the 
so-called ‘weathering out' of a dyke from clayey sediments round it is a 
matter of differential denudation (not of differential weathering). Clayey 
intercalations, as in dysch, render the whole mass mobile, should 
moistening take place, and highly coherent rocks may slide over wet dav 
which is dipping valley wards. Thus streams of rocky fragments and 
steep-walled niches may result from the presence of naturally mobile 
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rocks, although such (brim owe iheir characterbiic features to the co¬ 
herent rock n very lying them. 

The Impermeability of clayey rock also make* it susceptible to denu¬ 
dation by rain wash. 

Fjuction 

This hinder* the continuance of nutss-movemcn l (as cohesion hinders 
the start). It is so great as to make maas-movcnicnl very alow and thus 
difficult to observe. There ii interna! friction between the components of 
a moving mass of rock wa site, and txltmaJ friction against the substratum, 
with sliding and rolling in both casts. Internal friction decreases with the 
aiKt of the grains* and with their rounding. It is less in the upper horizons 
than where there is a weight of material above, and diminishes where a 
slope becomes steeper; Also it is less after movement lias once began. 
Thus both in the rapid descent of a landslip and in the slow movement 
downslope of weathered material, the topmost parts move over those 
below with a rolling motion analogous to flow ing. 

Where intersecting slopes are mantled with die produets of rock re- 
duct ion, the thickness of which diminishes upwards, the slighter friction 
beneath the smaller load bads to more rapid movement, and fiu increase 
of exposure. Hence, dmudktion is mure intense above than below and 
the crests learnt rounded. The dfeef is increased if the dupe b steeper 
above than below, since th L magnitude of the friction (due to the weight 
of the down pressing material) acts at right angles iu the plane of friction. 
Thus on j steep slope material can begin to move whilst it has less 
mobility than would he required for a gentler one (tf. p. 65 as slopes 
become steeper, only the lower horizons of the normal soil profile are 
developed .it the surface 1 ). Mass-movement. however* docs not cea~se 
till a gradient of just under 5 is reached. For as the rock waste gradually 
descend^ not only dues rock reduction (by weathering) continue, in¬ 
creasing the colloidal content; but xht rolling gratis mb one another into 
smaller a* well a* more rounded granules, thus diminishing friction, 
Frequently it b otily the upper layers which move, since the increasing 
weight of accumulated materia! may make friction in the lower parts too 
great to allow of any further motion- The above statements are true for 
alt climatic regions. 

RtH>t System 01 Plants 

The clTect of roots in obstructing mass-movement of ruck wsme lias 
been exaggerated. The sieving action which impedes the movement of 
large fragments is uiTsct by the increased chemical action beneath a plant 
cover, und by the fact that on very gentle slopes liiJ in the wet tropics 
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where there is a thick layer of highly reduced rock, aciitie t>f this lies 
below the June tif the rwt mesJt The aarne correlation between steep¬ 
ness of slope and thickness of soil cover it found itt forested as in treeless 
regions. Moreover, even in forested areas, examples are found of less 
reduced material from higher up the slope covering that of the normal 
horizon 


z. MOTIVE FORCES CONCERNED IN 
MASS-MOVEMENT 

Observations on the 1906 ash avalanches down the slope* of Vesuvius 
have shown that the force of gravity h the prime cause of iru^-move¬ 
ment; but that 1 he movement cannot start until there b sufficient weight 
from accumulated material to overcome the resistance of friction (espe¬ 
cially great at this change from rest to motion). 

Increase ov Weight 

The weight of reduced tuck material on a slope undergoing denuda¬ 
tion b increased in the follow ing ways: 

(tf J By increased thickness* as reduction attacks ever deeper. 

(A) By rock derivatives arriving from higher up the incline. This 
increase is greatest at the slope foot, ft leads id movement of rhe 
whole mass of waste, instead of that of the highest horizons only. The 
angle of friction—that inclination nf ihe substratum at which movement 
of material, resting directly upon the solid rock, comes to an end—is 
less than it would be were there nn mass-movement, no denudation, and 
m no accumulation of rock derivatives nn the lower-lying parts tif the 
land* Thus it b that there is movement along the very gentle foot-slopes 
on both sides of a valley trough, leading to the 'cicatrisation' or complete 
covering-in of disused ream “beds. 

(c) By tile absorption of water This is extremely important. especially 
in loose material and in rocks rich m colloidal clay. This often accounts 
for the release of landslips. 

Ikm/TrATiovs in Volume 

These lead 10 frequently repeated fine mu Yemenis. which further the 
spread of mdc waste to slopes inclined at less than 5 . The cause* for 
such fluctuations are (a) temperature variations* and [h) swelling and 
shrinkage of colloids with variations of moisture amtem. 

Paoiora of Movement 

In most climatic regions there are seasonal periods when mass-move¬ 
ment is most active, (though there seems to he no interruption of its 
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course in the wet tropics or in deserts), Tims the smallest unit of time 
for its mEMsurt-ment is the year. 

3. WAYS IN WHICH MASSdVlOYKMENT TAKES PLACE 
AT THE EARTH’S SURFACE 

The velocity of mass-movement depends not only upon the gradient 
hut also upon the weight of the moving material. This latter may move 
freelv nr may be impeded by vegetation binding it together. 

(<?) Migration its iMiprmuAi, L<x>sf Fragments 

Observations in the Atacama Desert show that on bare rock, weatln-rcd 
fragments move (without die help of ntnwash) when the gradient 
reaches about ij . Above 30stupes are always rocky. The movement 
is a railing tumble. Fragments collecting at the toot of a steep rock face 
form scree, the upper surface ui which is concave [In longitudinal pro¬ 
file]. The under surface, which has a slope less than that of the rock face 
above, is here termed the basal slope (Haidmhang). It is not always 
buried beneath talus. 'I he ruhhlc moves as a whole, in addition to the 
motion of its individual fragments. It receives further material from 
disintegration of the basal slope which ir covers. 

In Landslides also there is generally movement of individual fragments 
rolling over one another, especially when they are of the type af rtxk- 
falts. 1’he three arena typical ,,f mass-move me ni can lie seen at a glance: 
the denudation scar, the path of [he moving material, and the area of 
deposition. 

(A) Movement where Material is Accumulating 
(?r) Free Alass-Movemtnt 

This may occur not only within screes and in rock falls, but also in the 
dry rubble which often occupies valley-like depressions where slopes 
are inclined at less than ^5' continuing till z or 3' is reached. In semi- 
arid regions the rock waste, when sudden with water, may spread out to 
form great sheets that arc almost level. 

Slumping is often the chief type uf movement where there is plenty nf 
moisture and a considerable amount of colloidal matter. \ cover of 
vegetation hinders this, but need not prev ent it entirely, for die increasing 
weight of -himined-up material may gash open even forest-clad slopes 
(usually the sleep declivities of the met tropics). The formation of such 
landslide nkhea may he an important method of denudation. Irt semi- 
humid regions the gratis sod may rear. In tile wet season, streams of 
waste move along, becoming corrugated as they do so. Frequently these 
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at* in definilc valleys, bm they may spread oniwr wide plains inclined 
At tinly 2 103 

^Wz/hTfl^ rtf fAr ftrrrf of (he Witter fahir is of special importance. It may 
merge into the rock-slide type of landslide where a resistant permeable 
bed overlies a saturated impermeable stratum rich in colloids. 

Snlifi'action is common in high latitudes 01 the time of snow melt. The 
superficial iwk waste often 'Hows' over what is still unfrozen (the tjaele) 
The part played by frost action is not yet fully understood, but seem* to 
be associated with changes of volume consequent upon alternations ol 
freezing and thaw. Solifiuetion also takes place on slopes with an inclina¬ 
tion of scarcely mure than 3* The 'stone rivers' of the Falkland Islands 
have probably had their finer matrix washed away. Their occurrence in 
valleys is explained by the fact that water would collect here, *u changing 
rnjj^ movement into mass-transport for at least the fine-grained con¬ 
stituents, whilst ott the side slopes the moisture would 1>e completely 
absorbed in the debris and all the components would continue to move 
as a whole. The "stone rivers 1 are most likely still forming and moving, 
at an extremely slow me; just as the block seas ol temperate regions are 
probably not mere fossil relics of die Pleistocene period, but are even 
now continuing to move downwards. 

(f$) ftomd-doun Aio$f-Movtment 

Mass-movement tfoes on even beneath a cover of vegetation. It often 
arches this up, where it is insufficient to tear d. Tree trunks may show j 
suit effect 1 (p. 109); the beds of small streamlets are closed up by what 
moves in from the sides. Movement occurs on slopes of less than 5" 
(though mure that! o ). It is more rapid if agisted by flow of ground 
water. 

(y) Corrosion and Corrosion I alleys 

Corrasion is the mechanical action by means of winch Fragments of 
rock arc pressed ntf or chiselled away, before the ruck is sufficiently 
reduced to allow of ‘sprmtaneoua 1 migration. Slowly moving rock waste 
turrades its substratum w hen the weight of the whole mass b sufficient, 
aa near the (but of a ridge. The waste frequently moves along definite 
lines as mass-stream* Wide shallow valleys floored with detrital 
deposits hut without any definite water-course, {or even traces of a 
former channel) H arc probably in a large measure due to corrosion. So 
are narrower furrows with a steeper gradient and sometimes several 
metres* thickness of rock waste. Corrwou valleys often show con¬ 
siderable headward ratifications, ami may form the uppermost parts of 
normal valley systems, c,g, on the gently inclined upper regions of the 
German Highlands and on the pcneplanes of ihc Germain ScorpUnris. 
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CHAPTER V 

GENERAL CHARACTERISTICS OF DENUDATION 

t. RETROSPECT. RELATIONSHIP TO CLIMATE 

No climatic region is without denudation over the whole jujjfaucr, pro¬ 
vided that the mean gradient o(the land is above a minimum [somewhere 
between 5 and 0 }. The same land forma can therefore appear under 
all dtomtic conditions (p. 119). though the rate at wInch they develop 
may l>c different. 'They depend upon the gradients which are determined 
in the first place by cudogcitL+uc factors. The character of the rock 
determines only the minor features. Climatic changes may alter the 
relationship of tmb^ninYcmcnt to inass-transport t but do not produce 
any fundamental change in the denudational forms. 

2, THE PRINCIPLE OF FLATTENING 
Denudation tan never make a slope steeper; it always flattens it (ot 
diminishes die gradient) A slope may, however, be replaced by the 
development of a new, steeper dope [due to erosion J_ 

3. THE CONCEPTS: DENUDATION, CORRA3JON. 
EROSION 

Exposure is renewed by the removal of small pieces of loosened rock. 
In denudation, this Utter takes place at the same rare as the rock is 
reduced. With corrosion and erotion H it takes place more rapidly, under 
the influence of the moving materia), whether K lie Water, ice or rock 
waste. 

The sculpturing of land forms depends upon the telaiion^hip Itetwecn 
what b occurring over the whole surface and w hat is occurring along 
watercourses. The former is denudation, Erosion is here tmder&toud as 
die mechanic^] action produced by linear movement within a moving 
subsimtum (e.g. wind, water, ice) and brought about by it; comaion, 
the furpilar action beneath rock waste migrating ‘spontaneously \ he. 
vilely under the force of gravity. 

4r CLASSIFICATION OF THE REGIONS OF DENUDATION 
All the processes, by which rock waste is removed, begin with denuda¬ 
tion over the whole surface, develop into linear removal and then mia 
definitely directed courses. 
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Region? nf pure denudation occur un the upper part? of slopes. I.mvr-r 
down* corra&ifln and erosion arc combined with the denudation, and 
finally erosion predominates, This can be ao intense that there is tin 
time for rotrk reduction to occur—in contrast to corrarion which essen¬ 
tially depends upon the presence of reduced mck before it can begin to 
act. Denudation occur? over the surface of slopes; erosion and common 
in incised furrows. Transitional forms link them, especially near valley 
head*, Line* of crosiori h or of tnrrastion, have tributary surface? of denu- 
datum. Increased dissection hy valleys Causes dismemberment of the 
areas of denudation; but there is no lessening of the superficial area, 
since the number of inclined surfaces intressen The amount of denuda- 
don accomplished in unit time thus increases, since the amount of sur¬ 
face exposed to denudation is increased. Corrasiun prevails where a 
covet o i vegetation impedes erosion, in arid regions where running 
water is rare, and also in upland regions of low relief where infiltration 
may he in excess of run-off. 

5, BASE LEVELS t>! EROSION AND OF DENUDATION 

The absolute tower limit below which erosion cannot take place, thr 
has* tetri itf rrt/sim, is the level at which running water can no longer 
flow. and so nu longer remove material The ahatatehmr trvrl of erosion 
ia sea level, nr else the lowest part of an inland drainage basin. However, 
the work performed hy rivers is often con trailed, not by this, hut by the 
general or i remediate ha.se inrt tf eronon This is usually w here the st ream 
leaves a tectonically uniform block of the earth’s crust to enter one w hich 
has undergone some different endogenettc movement, Several of these 
may *R,’cur in a river's course; and all ultimately recede upstream to the 
headwaters. Occasionally the general base level of erosion may coincide 
with the absolute base level, as where a tectonically uni form block drains 
directly to ibe sea. Though cadi point in a river bed is a base level of 
crasiun fur that immediately upstream from it. there are also more 
specific foot! hm? lath of mmon at (a) the confluence of a tributary with 
the main river, for the tributary cannot erode 1>elnw r this, (6) breaks of 
gradient in the course of the stream itself* These latter also recede up¬ 
stream. They may arise from n variety of causes. 

Not only running water, hui all gravitational streams, have analogous 
base levels. For moving ice, it is the lower limit of ablation, or else where 
the ice is lifted from its substratum by a body of water which it ha? 
entered. 

For movement, the corresponding levels may be called the base 
trmh of denudation. As the s!o[h: leading down to a watercourse cannot 
be denuded below the level of the stream bed, ih t general bait level of 
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denudation for it is this, i c. the longitudinal profile, or gradient tim e, of 
the stream. When the watercourses have {on a stationary block) reached 
their find gradient Curve*, the Intse levels of denudation arc fixed. The 
slopes can he worked down to these levels only where they actually meet 
the streams; but, above these lowest edges, extremely gentle slopes of 
minimum gradient develop dong which no further denudation is pus- 
sible. 'I hese form a firm I pmeplane | Davis ian peneplain; with slight un¬ 
dulations and a general fall towards the base level of erosion. 

The general base [evicts of denudation may coincide with those of 
erosion—«.g. where the slopes of broad anticlines lead directly to the 
broad Synclines (Asia Minor, etc.). The resulting effect is seen to be 
quite different from that w here the influence of the’ base levels of erosion 
is exerted indirectly through the drainage net (e g. on die slopes of the 
erostonal valleys within such broad anticlines). 

Rut the base levels of denudation are functionally independent of, and 
may be quite different from, the lines of eroding streams and their base 
level*. I fte outcrop of a resistant band of rock, tar above the river, mav 
form a base level of denudation for a ledge above it, or for a summit 
peru-plane, separated from the former base level of erosion by the inter¬ 
polation of younger, steeper relief. These are toed base levels of denuda¬ 
tion, conditioned bv structure; and the slopes above them continue their 
development with reference to these breaks of gradient. They mav co- 
mckle with concave or convex dementi in the land forms, Such a local 
base level, and the slope related to it. form a single system, and may be 
termed a form system. Thus breaks of gradient separate farm systems |or 
slope units, a term conveying a dearer impression to an English reader 
when it is used later, in Chapter VJ], 
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CHAPTER VI 

DEVELOPMENT OF SLOPES 
1 . GRADIENT AND FORM OF SLOPES 
Slope* of almost identical maximum gradients tend to be charac¬ 
teristic of particular natural rctfions. Thus it is possible to speak nf 
uniformity of relief for a district, this implying the total effect of the 
arrangement and combination of all the slope* with approximately the 
same angle of inclination. Instead of using the common expressions 
Alpine relief and Highland relief, more general descriptive term* are 
here used for the relief types: sleep forms ami steep relief, where the hind 
forms show what is. ahum the maximum gradient for resislarn types of 
rock| intermediate forms and medium relief, fur those with inclinations 
comparable to iheir basal slopes, and similar to the relief found in the 
valleys in the German Highlands; flaitish forms and pencplnncs. where 
the gradients are slight throughout. There are, however, an infinite 
number of transitions in the series. Also, within any (me relief type, there 
will be minor diversities associated with differences in rock resistance 
and attitude. 

A problem is presented, not only by this association of slopes of more 
or less uniform gradient in definite limited regions, bur also by the firm 
of the slopes. This may he convex, concave of straight (rectilinear) in 
profile; and these forms, mo, are arranged in definite groupings. Convex 
or Straight profile* are usually associated w ith vigorous erosion; concave 
profiles with old landscapes, often upraised (e g, the summit area of the 
German Highlands and of the German Scarp lauds). Form associations 
with convex slopes are typical of the Two high mountainous belts of the 
world, and are less frequent on continental masses, where concave 
slopes are the general rule. Straight profile* are commonest with sleep 
relief, but are not confined to this. They occur also with medium relief, 
being the rule where valleys are sharply incised; and they are quite fre¬ 
quent at ridge crests where these have been formed by the intersections 
of retreating slopes. All three types are excellently exhibited in Rad lands. 

Theoretically, slopes meeting in these upper extremities should always 
give rise to sharp linear edges (or pointed peaks) Actually, these edges 
are always Somewhat rounded or blunted, the more so the gentler the 
intersecting slopes. The width of the zone of blunting decreases with 

in 
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increasing steepness. Ir is present when the intersecting slopes are 
concave or straight, .is wdJ as in the case of convex slopes which would 
naturally meet w ith a rounded effect. 

Some have imagined m initially sharp edfje which became flattened. 
But this conflicts with what has been observed in valley excavation, 
where the gentler slope develops at the base (basal slope or HuUttifajttg), 
and works upward—not vice versa: while the convex curvature would 
imply more rapid demulation on the ibitish ridge summits than tin their 
steeper flanks This i» not possible [except to the very limited extent 
due to increased exposure there (hecause there is less nick debris) which 
is discussed On pp, 7S, 142-143], 

1. FLATTENING OK SLOPES 

Concavt Base Levew or Denudation 
Here we have, worked nut with the aid of diagrams (figs, 2"and y) the 
way in which a cliff, rising from the edge of a mm-eroding stream, 
retreat* hy the proceaf; of denudation: and the development and (slower! 
retreat uf .1 gentler ha_sdJ slope {Raidttiktiitg) lu-low it, and of slopes of 
diminishing gradient ( l bflarftNngtJi&ttgni i Ivdmv that. 

3. UNEQUAL EXPOS IRE: ROUNDING OF HEIGHTS 
The accumulation of ruck waste, which increases from above down* 
words, hrings about inequality of exposure. This lessening of exposure 
on the lower parts of a 6hipc system niay retard the rate of development 
(if comsiim is absent). Imt does not alter the forms described in the 
previous section, Vv here slope units intersect—along ridge creats or in 
pcak-- if the exposure is greater at the top, rock reduction is more 
rapid there than lower down where there is 11 mantle of rock waste. This 
means flattening of the uppermost part nf the slope unit. The process 
reaches downwards until renewal of exposure is taking place at the same 
rate on the flattened pan (where it is now becoming retarded) as lower 
down the slope where the rate has not changed The gentler the gradient, 
the sooner will this limit to flattening he reached 

It is thus impossible for broad rounded ridg&s and. from them, tlattish 
fomi associations, so have been derived from sharp crests, by a process 
working from above downwards. 

Tlic rounding takes place more quickly if climatic conditions allow of 
plant growth, which assist* in the accumulation of soil. so producing in¬ 
equality of exposure on the slope unit. The diameter of the mck also 
exert* an influence. 
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4, STRAIGHT SLOPE PROFILES. 

UNIFORM DEVELOPMENT 

In VI. 2, it ivqs assumed that the base level of denudation re- 
n n m ed unchanged, i.c. the river was neither incising nor depositing, 
merelv transporting its load. In such a case, ihe whole system of slopes 
muves back further and further from the edge of the stream; and, one 
after another, the uppermost slope units disappear. S he only one that 
continues to gain in area is Lite lowest of all. that of minimum gradient. 

If any slope unit other than tins is to remain adjacent to the base level 
of denudation, the river must erode it. With the aid of tig. 4 {p. 145). it is 
shown that a slope unit can maintain itself (with unaltered gradient) at 
the edge of the stream only if the intensity of crosiun is constant or 
bears a constant ratio to the intensity of denudation uti the adjoining 
slope unit. The latter depends upon the gradient and this upon the 
character of the rock. Hence, if the adjoining slope is sleep, greater 
erosion a! intensity is necessary to maintain equilibrium than if it is 
gentle. The limiting case is equilibrium between ,1 tlopc with the smallest 
possible gradient and a non-eroding river (the caw of the theoretical 
peneplain or end-pen epiane). Fig. y fp. 146) is used to show that the 
gradient of the slope unit which rises up from the river’s edge is deter¬ 
mined bv the intcit ity o! erosion I though derails of the inclination de¬ 
pend Upon the rock material I. If this intensity remains constant, the 
inclination uf the slope unit developing at the margin of tilt stream must 
also remain constant, U. the form of the slope i$ rectilinear in profite. 
The dtt'iiopnttttt is said to be uniform, mid the characteristic is a straight 
slope profile which may have any gradient. 

The dill face in fig, 5, if produced upwards, would meet an analogous 
slope unit in a sharp edge. It has been shown that a -lojx- of uniform 
gradient develops below each original steep slope, with a single concave 
break of gradient. As this works backward and upw ard, the sleep face is 
shortened to iht same extent. the arete is lowered by the corresponding 
vertical amount. In course of rime, the original slopes arc replaced l»y 
the gentler slopes uf uniform gradient, which meet in a blunter edge. Up 
in tills time, the vertical distance between the zone of intersection and 
the general base level of denudation (which is sinking uniformly) has 
been lessening. In other words, the relative heigh I has been diminishing. 
Out from row on, tins is not The uniform straight slope is being 
shortened from above at (he zone of intersection; but it is also being 
supplemented from below. jt the river's edge, by the some unitnint It 
can be seen from the diagram that, in unit time, the zone uf intersection 
is lowered by the same amount us the river cuts down. Hits is regardless 
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of the ■ins}Tc oflndinaltan of ihe intersecting slnpt-s of uniform gradient, 
and irrespective "f the r mi tiding of the t-ummit ridge (since this ‘ flatten¬ 
ing from above incident upon unequal exposure, is rapidly brought to 
an end, p. 142), 

I bus, with uniform intensity of erosion, if the uniform development 
Iasi* sufficiently long, straight slopes are produced. As soon as these 
intersect, the relative heights remain constant. 

5, CONVEX BREAKS OF GRADIENT 

!ty reference to tig. fj < p. 14y) it is show n that a cunvex break of gradi¬ 
ent is produced if the intensity of erosion is increasing. It arises at the 
edge of the stream and works upwards ,u a rate depending upon the 
intensity of denudation on the steeper (lower) slope unit. The develop¬ 
ment uf the higher, flatter slope unit depends upon the position of the 
break uf gradient, and so becomes independent of the base levels of 
notion, 

Additional. Notes on the On mis of Concave 
Breaks of Gradient 

Corive* breaks uf gradient thus correspond to concave base levels of 
denudation as far as their origin, their behaviour and their function are 
concerned. Both originate at the general base level of denudation, both 
recede upsfope at a rate determined by the intensity of denudation 
(which equals the rate of development of the steeper slope unit); both 
are local base levels of denudation and thereby remot e the slope*above 
them from the influence uf die drainage net and the base level of erosion. 

By analogy from VI 5, ,t follows that concave brtjks of gradient 
will develop not only w ith a foced base level of demuhilmn (stream neither 
eroding nor depositing), but whenever the intensity of erosion is ditnin- 
Lshhj!'. A sharply concave curve indicates rapid deceleration uf the ero- 
siumtl intensity, and less .strung curvature a slower rate 

b. DElTiLQPMENT OF RELATIVE HEIGHT 
WAXING DEVELOPMENT AND WANING DEVELOPMENT 
Development of relative height is discussed with reference to figs, 2 
to 6, Lowering nf the ?.uiic nf intersection depends solely upon the 
development of (lie slope units which meet there; and the rate of lower¬ 
ing decreases w ith the gradient of the intersecting slopes 
But relative height depends also upon the pusitiun uf tjic general base 
level of denudation. This is constant only at the end uf a series of de¬ 
velopments characterised by decreasing crosfonai inlensitv. Such a 
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course of development is here termed wan ink UFVEiairxtEvr f Afatng- 
ffirfe Entwicklung). Its characteristic features are concave breaks of 
gradient* concave slope profiles, and decreasing relative height** 

Waning development may succeed uniform development, nr lit 
followed by it (as was assumed for fig. <>), With uniform oevelopment. 
the relative height becomes constant a* soon as the straight slopes inter¬ 
sect (p, 

Waxink DfivEtOFMENT (Au/stsgmdt Knmkktu^g) is the name given 
to that course of development which ts due to increasing erosional in¬ 
tensity. Its characteristic features are convex breaks of gradient, convex 
slopes and increasing relative heights, even though there is lowering of 
the Mites of intersection. 

Variations m relative height depend upon the differences between 
w hat is happening at the ssone of intersection and in the eroding channel, 
the edge of which forms the hast level of denudation. If intensity of 
erosion became* lesd,, relative height diminishes (chin being associated 
with concavity nf the slopes and the intersection of slopes of gentler 
gradient}. If it increases* so dors the relative height; but again not until 
the new slope* of the convex slope system have established themselves. 

7 - RATES OF GROWTH AND AREAS OF SLOPE UNITS 

As concave or convex breaks of gradient recede upsbpe (regularly, if 
die rock material is homogeneous), the si up: unit immediately ab<n<- die 
brenk is shortened Bin that immediately below it b lengthened. This 
growth of dope units varies in its rate with the intensity of denudation, 
and with the gradient of the slope. 

When development i* uniform (straight *3opes), there anc no breaks 
of gradient, and the amount of shortening at the zone of intersection is 
compensated for by an equal lengthening at the general base level of 
denudation, i-e, the ^rea of the slope unit remains constant (m does the 
gradient). 

With waning development, since the stetper dopes ar^ above, each 
higher break of gradient recedes upslope more quickly Lhan the next 
below it. Thus the area of the slope unit between them increases. The 
increase h fttnall since differences of gradient on adjoining slope units 
are rdighl, except thirce between the original cliff and its haul dope. 
Also the inmate is not unlimited; and it is only the slope of minimum 
gradient w hich increases Continuously at the expense of the resi. 

With waxing development the situation is reversed. The more rapidly 
receding breaks of gradient \ which utc convex} are found at (he lower 
margin of each slope unit Thus they all decrease in area except that 
adjoining the general base level of denudation. Slope units may vanish 
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before they reach the zone of intersection (see fig. 7, |v 158). They are 
replaced bv sharper breaks of gradient. Hence it eventually happens 
that the lower limit of an uplifted flatfish landscape ifr a sharp break of 
gradient above sleep slope? which may even be slopes of maximum 
gradient* e.g. Black Forest Tills is demonstrated with the aid of fig. 7 
The slope which *eat$ up' ihe inhere always 1 jos a straight profile; so that 
from its sliape it is impossible to Lcll whether the water-course af iis base 
has had uniform, accelerated or decelerated erosion, be. whether the 
slope has had uniform, waxing nr meaning development provided the 
intensity of erosion mure than balanced the 'spontaneous' denudation on 
a slope of maximum gradient Where such undercut slopes intersect to 
form 1 ridge, the relative height becomes constant. This then no longer 
indicates uniformity of development 

CoNTlNirrrv of rm of Shorn 

In Lite shove diagrams, cmaioml intensity has been assumed tu in¬ 
crease intermittently. But this is not necessary for the accentuation of 
convex break* of gradient by the removal of intermediate slope units. 
Act unity the intensity of erosion changes, not discontinoously, but 
steadily —although by comparison with the very alow processes of sheet 
denudation the increase may seem to be intermittent. The general base 
level of denudation is being lowered continuously by erosion, by a very 
small amount 31 each instant of Time, So that very minute elope units are 
perpetually developing at the edge of the eroding stream, each increasing 
in steepness with the increase in erosion ill intensity. They combine to 
form a comifluously curved slope. This ls shown in fig 8 (p, 159). 
Where the more rapid rate of erosion in (B) 3 s seen to produce a stronger 
curvature than in (A). 

When, in a eontinufui&iy curved alnpc of medium gradients, a sleeper 
slope unit {e.g. that of maximum gradicm) overtakes these, a markedly 
curved section of the slope is developed; and this recedes upwards, act¬ 
ing like a convex break of grail lent. Such .t break in the general change 
of gradient is a discontinuity in the stupe. But it has been brought about 
by a continuous increase in emsional intensity, i,e, tt amtinuoiiv tmiw has 
produced a ifiorphofogu rtidiscontinuity* 

Similarly, the concave profiles of waning development are also con¬ 
tinuously curved. I. veil the transition from cl ill face to basal slope is not 
a sharp angle hut curved- although this curve may be hidden by the 
accumulation of detritus making a sharp nick in the profile where if joins 
the cliff. 
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8 , 1 USE IN THE GENERAL RASE Ll-VEL 
OF DENUDATION 

A {dative rise in the general base level of denudation does not lead to 
any alteration in the type and shape of the associated slope units unless 
the rise it continually changing. The result is then a special case ol 
waning development. L. tiles* the base level ttries os rapidly as a clitf face 
is receding by denudation, it cannot continue to adjoin it 11 the rise lags 
behind, a basal slope develops which separates the elilT from base level, 
even if the lower pan of the basal slope becomes buried. If the rise in 
base level is decelerating, the slope of diminishing gradient may also 
appear. Slope units, that arc being drowned, or buried, preserve their 
gradient only when the rate at which the base level is rising keeps pace 
with, or surpasses, the rate of development of the slope unit concerned. 
When base level rises more rapidly than the adjoining slope unit recedes, 
this slope is preserved unaltered at base level. Bui them develops below' 
it, being covered as it develops, a gentler slope, which is however steeper 
than the normal slope of diminishing gradient associated with a fixed 
base level of denudation. With a decelerating rise of base level, the slopes, 
which are being buried as they form, produce a convex profile. Above 
them, concave slopes of waning development will appear; and often 
below them also, its erosion ceases. Profiles of this type occur near 
Islam bul in Devonian beds that have been covered over by Ncogent- tad* 

y. INFLUENCE OF HETEROGENEOUS ROCKS UPON 
THE DEVELOPMENT OF SLOPES 
SnwtrnutAL Base Levuu or Denudation 
If it belt of more resistant rock. e-g. an eruptive dvkc. outcrops on a 
slope, two types of break of gradient develop These arc the two types: 
((,} ,,n the downhill side, the steeper slope of the resistant band is separ¬ 
ated from the gentler one below by a concave angle; on the uphill side, a 
convex break of gradient separates it from, the gentler slope above. These 
breaks do not migrate upslope, hid merely follow the shifting of the rock 
boundaries as denudation proceeds. They are independent of the base 
level of denudatiun. (6) The breaks of gradient of lire second type occur 
w ithin the individual rock outcrops, originating at the structural base 
level of denudation, and migrating upslope in the normal manner. 

Where there arc rocks of di Ik ring resistance, the intensity of denuda¬ 
tion on ,1 lower slope unit is one of the factors determining the develop¬ 
ment of those sections of slope that lie above it- 

Waning development b not fundamentally disturbed when 3 more 
resistant type of rock outcrops uti a slope. The concave profile appears, 
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though ii is interrupted by a convex break of gradient at the upper 
boundary of the more resistant bed* Waxing development hits its convex 
profile interrupted hy a concave break of gradient at the lower boundary 
of the more resistant rock. 

For given difference in rock resistance, the difference in gradient be- 
tween the slope units in the two rocks increases alt ihc mean gradient of 
ilie slope increases -\ud as this use an gradient depends Upon intensity of 
denudation, adaptation of denudatiuzmj fumi&r to crustal stmeture de¬ 
pends not only upon the dwaiiun of the denudation but also upon its 
intensity . I hill h, the influence of various rix. fc ks is far more noliccahk 
where there k sleep relief than on pcneplancs. On moderately inclined 
slopes, the ad Dp eat ion of individual forms to cmsial structure is more 
pronounced the greater the difference in rock resistance. 

To consider the special cast of smrpltuith —formed in tilted beds of 
alternately resistant and less resistant rock. Those between the Fichte J- 
gebirgeand the Black Forest have been very fully studied. Gradmarm 
has shown that the steps ore not tectonic, being unconnected with faults 
or flexures. The penefibnes* generally upon impermeable and mobile 
sediments, between the upstanding ridges of resistant permeable 
material, air not (Davisiun) peneplains, l ie considered them to have 
been formed by the denudational lowering of ridge crests between 
deeply incised valleys during a period when erosion was at a standstill, 
so that the base level d| denudation was in a fixed position, With the help 
of fig it. it is shown that it is impossible for scarp land peneplains to 
have arisen in rhi* way, the ridge crests becoming flattened whilst the 
scarp steps were preserved Surface denudation h by itsdf iiritdLerjiiate 
I or this- i here must have been an active drainage net on the lest resistant 
bc<K during their peneplanatmri. This is necessary to account for the 
preservation of steepness in the scarp ridges; and if would have acted as 
general base kvd for denudation on the tess resistant beds. But the 
location ui the water courses oti the weaker strata presupposes an 
original surface on which these outcropped between the resistant beds 
(os f. jradmiin n shows in his profile). Fragments of such a surface—which 
wns not a (Davirianj peneplain— are still dearly recognisable. 

Since cuesia ndues and intervening pcneplancs. exist Hide by side, 
different parts of the drainage net must have had different values as 
general base level* of denudation: («} the main branches, directly con¬ 
nected with the general base level of erosion for the whole area, were 
able To cut through tile ridge#; (A| the Him jficat tons on the pcneplancs 
were held up by mure resistant beds and so eroded but slightly, if at aiL 
ftectsabn of the scarps and further model ling of the penep lanes, took 
place in relation tcj these. 
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Sucli llaltish finite nr peitepUnes arc found not uni) in scarpknds, 
but in other area* where resistant beds lie below less resistant ones, par¬ 
ticularly .11 the edges of such regions. where the outcropping of a resis¬ 
tant lied forms a Structural Ivasc level of denudation, ihit more often they 
arc relaxed to a drainage nci (general base level nf denudation), die down- 
cutting of which is impeded by tile resistant beds. These relationships 
art exhibited on ErOngO. a South-west African msdbcrg. 

[f the more resistant and the less resistant beds arc arranged aide by 
side (instead of below one another), the valley cross section chances 
noticeably, widening out in the weaker beds, even when the erosions! 
intensity ii constant. 

When slope units 41 the same stage of development intersect to form a 
ridge crest, then the relative height is greater in the more resistant rocks 
(other things being equal). The argument is developed with reference to 
fig. 1 i. 

At certain stages of development, their may also be ,1 change of form 
associated with that in rock material—e.g. with waning erosion a! inten¬ 
sity, concave slopes appear first in the more resistant material whibr the 
weaker bed is still able to maintain iit slope of maximum gradient (with 
straight profile). This may be seen where the stream follows a rock 
boundary, or where the rock beds, though differing in their resistance to 
denudation, arc similar as regards resistance to erosion, 

Ilui mure often the change in erosion jI intensity with a difference in 
rr>ck material is similar U> that in denudational intensity. A bank of 
specially resistant rock may check the emaioua] intensity above it, so 
that the denudational forms hetumr concave (waning development). I lie 
Concave slopes work back from the cdt'ts of the rher, which meanders 
because of impelled erosion; and thus easily removed beds may be 
cleared away, c.g. the Neogene beds that have been removed from the 
broad svnclines of western Anatolia (where the frame round the broad 
svmdines is of resistant material). Denudational Terraces (e.g, Grand 
Canyon of the Caldtfdo, seiurplands, etc.) are also due to differences in 
the resistance of the rocks. 

The nature uf the rocks and their arrangement arc of immense nn- 
pirtancir in determining individual land forms and their groupings. But 
these arc merely details of land sculpture, modifications of tlw funda¬ 
mental laws of denudaiinn; and adaptation to rock material is only part 
of the feature, a fact that has often been overlooked. 

SUMMARY 

[nut further summarised.] 
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CHAPTER VD 

LINKING OF SLOPES, FORM ASSOCIATIONS 
AND SETS OF LAND FORMS 

i- OCCURRENCli AND COMBINATIONS OF CONVEX 
AND CONCAVE SLOPES 

Concave slope* predominate all over the earth and muy l>c considered 
the rwirmid lyjte, 1 his if. tictjuse denudation, which, acts tvensvheft un 
.1 surface and die whole time, can produce only this kind. Si night and 
convex profiles develop only where erosion also comes into plav, and 
tilts i uric* from place to place, and from one time to another. 

But though now predominant, concave slopes cannot he the original 
type. They cannot be parte of the earth** surface a* it was uplifted, since 
they are always found rising up from streams incised in it. But erosion 
(by rivers) must have begun and suffered acceleration before it could 
decrease in intensity—and it is found that the concave slopes of waning 
development do usually lead upwards to convex rmes of waxing develop¬ 
ment (unless these have been removed by the working back of the later 

L-uncave forms), tiuudex.pies may he seen in the German Highlands, 

but it li a world-wide feature. The problem «c what are the causes that 
hii\e !cd n in these phec*, in ptriridg of increasing crosiuna! intensity 
followed by periods when the intensity was decreasing? 

Moreover, terraced deposits, remnants of former valley floors, often 
divide up the slopes. In the German Highlands thev occur particular!v 
along the main lines of drainage. The problem is complicated by the Get 
that frequently these terrace step, are doser anti closer together as the 
valley floors arc approached, and l lent they often vanish where the deeply 
entrenched rivers leave the highland*. The alternately convex and con- 
ca'ic sections of the valley side are then replaced bv convex slopes, or 
straight slopes of the steepest angle possible for that tvpc of rock. Tire 
uBuzl explftii.Tiirin U qiiiic inadequate, 

Concave and convex slopes may also he associated horizontally in a 
valley, as lire Tilting current undercuts a bank or dip* a w U v from it. 
such undercutting by meanders may lead to occasions! come, profile* 
where the valley slopes as a whole show waning development with con¬ 
cave form*; and vice versa. But these divergences relate merely to local 

vte 
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erosion al changes lmodifying the denudation here and there) find throw 
no light upon the development of the district a* a whole. 

What matters to the solution of our problem is the characteristic. con¬ 
stantly repeated form. Quite often, the main valleys have the concave 
forms of waning development whilst the tributary streams, developed 
later, are still actively eroding so that their valley sides ore convex. 
Their immediate, practically constant, base levels are the floors of the 
main valleys, and they have a long way to go before catching up in their 
stage of development. It is these convex forms which, give its charae- 
teriftic appearance to the district, since the density of their tributary net¬ 
work is increasing by headward erosion and ramification. In other place* 
there may be equally great vertical dissection, but slopes are concave and 
the valley net is no longer increasing in the density of its mrsh. 

Thus the core 0/ the problem is found in the devetapmmf of thr ratify net- 
work. A fact worth noting is that in areas quite separate from one anot her, 
we find examples of a still developing net of tributary valleys with come\ 
slope* dominating the landscape* in spite of the concave slopes of the 
main valley sides, as well as examples of an already fully developed net 

with concave slopes everywhere. 

z. . SCARPLANDS fCUESTA LANDSCAPES) 

1 he watershed region between the Danube and the VVutach shows 
two units: (a) the gentle eastern dope of the Black Forest (more or less 
uniform), and (ft) the Malm scarp (a continuation of the Swabkn Alb)* 
Although the Triaasic arid ]uranic strata lying between these seem 
suited to scarp production as in the Neckar basin 10 the north, and 
even on the sides of the deeply entrenched Wutach—^thrrcisnuscarpland 
here. l~hc reason for this is the flhsenee of ll rapidly eroding drainage 
system* which would lead to the uncovering Mild constant renewal uf 
structural base levels of denudation—an essential preliminary for scarp- 
land formation. 

On the scarp hi lids, which begin cast of Donauesehmgcn and extend to 
the Franconian Jura (and even beyond, to the edge of the Buhcmbm 
massif), two contrasting typos of drainage ian be distinguished, (a) The 
principal rivers—the Main, the Neeksr and their larger tributaries— 
with an abundant water supply, have entrenched their valley*, w hich cut 
through the scarp-forming horizons. (A) Ac the top of each scarp step, 
there is subdued relief, nfren forming a pencpUne, On this are the bead* 
water ramifications of the above tributaries* only scantily supplied with 
water. However, they work back to the edge erf I he nexl higher scarp, 
dissecting it into lobes. Duumstttam, this type ends with a break of 
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E^dirnt in it> longitudinal rn>fit*= where the edge of the scalp-forming 
stratum is readied- IVir example, the very resistant Upper Mu schedule 
gives the sharpest breaks of gradient, and bears the moat extensive and 
most level of the pencplanes, which spread over un to the l-cttcnkuhl 
and Lower Keeper beds lying above il- 

Thc main lines of drainage show alternations uf reaches with vigorous 
doimeutting and others where erosion has almost ceased, but will rc- 
ronimcncc as soon as i he eroding sections bdow them have worked up 
l,i ihiise points. 'Hie valley sides arc convex, straight or terraced, nlten 
with concave -dopes at the base. At the top is the scarp-forming horizon 
through which the ri\ er has cut. 

Lateral tributaries work back into the high land between the main 
valleys, progressively dissecting the scarps which overlook these, and so 
reach up to the peneplancs on their summits. Where they join the main 
valley, their crow sections may be canyon-like entrenchments (if the 
main valley is uf that type); higher up. they are V-shaped. They suddenly 
become wide and shallow as they reach the pent plane (above a break of 
gradient). 

Sometimes the contrast is less obvious, as when the headwater tribu¬ 
tary, or even the upper part of a main stream itself (like the Tauber 
above ftnthenbmg), lies wholly on the top of a step. In such a ease the 
break of gradient separates {a) the mixed forms of the incised valley 
from (4) the concave fiattish forms on the interval Icy divides and on the 
jvcarpbnil penephne, which leads to the next higher scarp race with its 
forms nf medium relief. The genera! base level of denudation for this 
receding scarp (where landslips may play an important part) is formed 
by the chief streams on the penqikme ai its foot. I'or them the local base 
level of erosion is the outcrop of the resistant beds (at the break of 
gradient above the lower, incised part of the stream), This may be con¬ 
sidered feed, relative to its tributary slopes: sn that the pcneplane and 
scarps above il develop without reference to any endogenetic occurrences 
[such as might he affecting the tower courses of the main river- j 

Each scarp is dissected Ln watercourses which often begin along 
ertrrasion furrow s or where springs issue. Although frequently intermit- 
icni. ihey erode vigorously, since the gradient is steep, and work their 
way back by headw ard erosion. The sharp Y-shaped valley s unite below 
with the wide shallow valleys of the peneplain: lying in front of die 
scarp. As each streamlet cui- down its bed, the lower reaches- tow ards 
ihe peneplanc— become more or less graded, so that only its uppermost, 
newest, and still steep sections are eroding. They dissect the scarp lace 
into lobes, and each interval Icy spur becomes itself similarly dissected by 
streamlets tributary to those which issue on to the penephne. Thus the 
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scams recede, as first leaving residual hills in frunt, and are replaced 
hcimv by slopes of diminishing gradient* «t that the peneplain: extends 
farther Pi«l farther backwards. 

The preservation of die fmncphnes between the scarps is dependent 
upon the structural base levels of denudation. These are renewed in two 

V m The main streams which cut through Uic scarps, and flow along 
the penepbmes, are still connected with the general base lewd of denuda¬ 
tion and so affected by tndogeneric factors [i.c. tf the land 13 riam 8 re «’ 
lively, their eroding power is increased;. 'I he upper peneptmes - on the 
interfluves between these ri m-w further and Further dissected and 
flattened as denudation works the slope back from ihe overs. I cnee the 
lower peneplancs extend at the expense of the scarp steps, and so of the 

upper pencplanes on thefiiL 

lit Rising from the peneplane*, which arc controlled by their struc¬ 
tural base levels of denudation, aniao unaffected bv ctvdogenctic factor*, 
a« the scarp*. These are preserved as typical forms, since they are 
always being worked back by vigorously eroding creams, cutting head- 
wvd ns veil ae down* 

It \& often difficult to trace the erewional Idstore of the watercourses 
on the pcrteplanes, since mass-movement of rock waste tends to mask n. 
The absence of stream cU&tuhsU in the wide shallow valleys is due part i 
to this, and partly to choking by what has been brought down by flood 
waters from the intennmem streams dissecting the scarps, A ^ery im¬ 
portant factor is that these streams, in their lower couraes, Irene j 
through the scarp-forming lionam to the less reliant bdow, and 

this itscr, finer material, wen on the lessened gradient, creeps down to 
the stream chiiiinels. filling them in from the side* i*cc chapter 1\ , pp* 

peneptMls have a genera! inclination in the same direc¬ 
tion as the drainage on them. This is because the streams cannot erode 
below the local base Ivret of erosion, the break el gradient at rhe svarp 
edge; and all upstream from this, denudational slopes as well as cmsmmd 
curves are controlled bythblcvd. Sometimes the pcnrpkoe valleys are 
drained in the directum of the dip of the strata, e g. from Mcigcrwald 
eastward to the Kcgnitz and Franconian Jura* Sonlctwwa the streams 
flaw against the dip, e.g. the Necbr tributaries coming from the 
Swabian Alb. These tributaries of the Jagsi. huxiher and Mure which 
fl oW with lire dip lave been considered consequent, lint actually 1 wy 
have extended headw ards along a water-bearing hnriaui, ai the base ul 
tbc Lias (which, though often reduced to mere scattered residual lulls, 
shows this feature in parts of thejagst basin). 
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3. INSELBEKG LANDSCAPES 

Here the characteristic feature is island-like projections from a pent- 
phne; in contrast to the way in which an uplifted ftortiart of the earth's 
crust derives its special character From the pattern and depth uf the 
Cxcavatinrutr-tfcp valley* and the muddling of their flanks. The slope pro¬ 
file of ulf ittiefhergs it eowm if, including the slopes by which they are 
linked to the ; grounding peneplain: wilJi its concave forms. Thr 1nsel- 
berg Inndscope. if rharocteritlic of waning development. 

The minimum extent tjf the vertical dissection, during the preceding 
jicriod of waxing development, is shown by the maximum height uf the 
ifisdbcigs, hen these arc flat-topped, they arc generally all alxiiit tlit 
same alntmle, and their relative height jp approximate!v the maximum 
ever attained by dissection uf the original landscape. When the insd- 
bergs arc pointed and on the way to demolition, their heights vary more; 
and the slup« are gentler the lower the heights, Gradually they diminish 
iu mere faint suggestions of mtervaHey divides before they are entirely 
Mm in the [Wtieplaiie, 

The development of insetberg landscapes is due to the ureakemng and fatal 
Ln „f erosive activity in the drainage net. This cessation dues nut occur 
simultaneously everywhere. It is first of all to be noticed along the main 
streams, accompanied by concave slope profiles and the movement up¬ 
wards of flatter and (fatter slope units towards the imenmlkv divides. 

I he valleys are widened as meanders increase In size; and the distances 
between the upper edges uf the valley9 alao become greater as denuda¬ 
tion causes the steep slope units to recede. being replaced below by those 
of diminishing gradient until the minimum is reached. Meanwhile, in 
1 he uppermost reaches, enwion is still active. I lead ward erosion lengthens 
ilw streams which are working hack into higher ground and have steep 
valley sides. 1 his process continues as long there is any land left 
&Mm 3 mg above the curve of erosion. 

'Hie inrervailcy divides are at the same time heing eaten into by the 
tributaries of the main Streams, and the lateral ramifying branches of 
these. I hey, tun, work backwards and upwards into the'flanks of the 
mam volleys, forming fresh steep-sided erosion cuts. The last and 
youngest of these are the gashes that furrow the dopes of the insdbergs. 
The steepness of the sides here shows dial the erosjonnl intensity i* 
transmitted, without loss, right up to the furthest ramifications 0/ the 
valley system, and is seen in isolated branch of it when the greater part 
uf the system has reached the stage of waning development and appear* 
'? wide shallow valleys on the peneplnne, The fodbena have been 
formed from dissection of the interval ley divides, as the headwater uf 
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ramifying backward.* 1 working tributaries meet from opposite- sides and 
eventually break up the ridge into separate peaks. 

Just as die phase qf intense erosion and waxing development spreads 
backwards up-valley, and up the tributaries and their branches, so dots 
that of waning development. The progress i* unaffected by further 
changes downstream. Thus waning development may be only reaching 
the headwater irca& whilst a fresh impulse of waxing: development may 
have begun to spread Up-valley. Under such circumstance^ ihe waiting 
development will not have reached completion hi the lower courses, and 
so cannot reach completion in the uppermost central areas. For the re¬ 
newal of activity' in the lower parts means ihm new, steeper stupe units 
develop and pass upwards, overtaking and swallowing up the waning 
forms before they have attained Lhetr greatest possible degree of 
Battening. 

A characteristic of the insdberg landscapes of continental areas is that 
«hey extend over immense regions of tectonically uniform parts of the 
earth's crust; and that the form associations of waning development 
stretch from the lower course* of the main drainage lines (where the de¬ 
velopment is quite complete) to the most centrally lying prl* (where it is 
nearing completion). This implies a relatively long period with base 
levels of erosion constant. 'Hits is a fundomentoh deep-seated difference 
from the regions where such forms of waning development are confined 
within narrow limits, e,g, in areas of broad folding (on mountain lops, 
especially in arid and semi-arid regions) and on the Summits of the 
German Highlands and ScarpJands. In these latter, a zone of renewed 
erosion, and steep slopes, separates the narrow /one of waning drveh«p- 
mern from its present general base level of erosion, and penep lunation is 
effected only in the uppermost, headwater areas. 

Suppose there are sections of a valley where emsinn has ceased. The 
steep slope units will recede from the river, lacing replaced below by 
slopes of diminishing gradient till the minimum slope b reached. The 
inter valley ridges—already divided up Into peaks—will he narrowed; and 
the gem ter slopes will hrst meet in the depressions- between rhe peaks, 
which will remain as insdbergs, Downstream the whole area will have 
become a pcnepknc—upstream is still mountain. The zone oi insdbergs 
l£ comparable to the belt of residuals m front of a ret renting escarpment, 
it works its way upstream, and ultimately the centra] mountain region is 
disintegrated into insc I bergs. 

Where the rock material is resistant, inselbrrgs last longest; and some 
have thought that such 'monadnodes' arc always associated with specially 
durable rod*. But insell>eigs are also found where the whole urea is of 
homogeneous rock. AH that is necessary is undisturbed waning develop- 
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mcnt, Ee. con scan l base levels of erosion. The insd bergs arc the relics of 
what was the highest part of the district. Eventually they also a re flattened 
until the result is an end-pencplatic or fD.n isknJ peneplain. 

Waning development is independent of dimatfr- all that is necessary 
is the weakening of erosion; ami. if the development is to reach com- 
pk-tion, tmdogenerie influences must he eliminated* for they would lead 
to fluctuations in the general base level > of erosion. The absence of such 
influences may he cither because the base levels actually remain stable 
for a £uffictenth Jong rime, or because focal base levels of erosion arc 
interposed fi r e, breaks of gradient in the longitudinal profile are working 
back sufficiently slowly). The result is a wide peneplone with insdbergs 
standing up from it- Genetic relations show that inftelberg formation is 
unconnected with climatic conditions—and actual facts bear this out, 
far typical iosdbcrg landscapes have been found in almost even climatic 
region. Tfoy arc diitinrtnt fraiurn, mt of "any sp&uri dimatir rrgim k hut 
of tht rmiinattai moists, areas long withdrawn from orogenk mou- 
ments. 

Climate does, however. affect ffltfuc details of the form* c-g, in climates 
where vegetation is spared, it is found that the soil is very thin nut only 
on the slopes of the in*vllitres, but also over ihe penoplanes. 1 his leads 
rn the development of sharper concave curvature in the foot-slopes of the 
insclbergs- 

4. PIEDMONT FLATS AND PIEDMONT BENCIILAND5 

*niere is 1 striking similarity between the forms characterising inscl- 
herg landscape* uml tho^ of other form associadons. also upon tectonic 
units The German Highlands exemplify this. Valley forms will nut be 
considered here, only the subdued [and forms on the heights between the 
entrenched valleys, Tn some cases dissection has advanced so far as to 
remove these entirely, e.g. on the steep western slope of the Black 
Forest, But its eastern slope, especially in the south, Sa almost intact and 
shows the older form associations upon its mtcrvaUey divides, The same 
is true for the northern dope of the Fiehtdgcbirge, and remnants arc 
also viable on its western aide 

(nj Tilt: Hahe 

The original northern and southern dnpis Iwimt been almost entirely 
removed by dittcCtkift, hut a larger pppportiott nf ihe summit area iV- 
mains. Valley* (such it those of the Oder and Bode) penetrate far into 
the mountain and between their sleep slopes and the gentle forms 
"« the summit, there is just a* sharp a break of gradient as that from the 
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summit to the short sharply incised valleys sit the edge of the massif. It 
is the number and closeness together of these hitter which give the 
semblance of mountains. 

Except for occasional recent gashes on the sides of the inselhergp 
rising above it, all forms on the summit pcueplane show the- concave 
slope* of waning development, with wide shallow valleys. The central 
mouniainlaml rising above it consists of the Brocken and its associated 
summits These are not due to tilt occurrence of specially resistant rock, 
since the Brocken and Bode granites. Tor example, help to compose both 
the summit peneplane and the mountain tops rising from it t here are, 
however, some lower, lew steep elevation* which are definitely asso¬ 
ciated with resistant rock material; but they are found only where this 
outcrops at or just above the general level of the land between the dis¬ 
secting valleys, a level which has lieen determined by other factors. 

The summit peneplain: is dearly developed to t he north ot 'he central 
mutmtainland, though there it is narrower than to the south, On the cast, 
it stretches from the northern to the southern edge of the mass. Here 
there is similarity to the UiBclberg landscapes of the vast com mental 
areas. But it is not <jmlc like e' en a pocket edition of these: for it is only 
in the headwater regions that waning development has reached its com¬ 
pletion, not also in the lower course* of the drainage net, where there 
has not been prolonged fixity of the general base level of erosion. 

On the other hand, the forms indicate a succession of periods of in¬ 
tense r erosion, each more vigorous than the preceding one. For the 
longitudinal profile of the valleys shows a succession of eroding sections, 
separated by breaks of gradient from sections having a much gentler pro¬ 
file and as one passes upstream, the eroding sections become in turn less 
steep (and also shorter) until the low relief of the summit penephne is 
reached. That is, the whole longitudinal profile i« convex, although each 
unit is concave (ace fig. 13. p- aoo). 

The cross sections correspond to these divisions, being narrow with 
convex valley slopes where ihe longitudinal profile is steer, more open 
with concave toot-slopes where it is gentle. The valleys on the summit 
are shallow and wide. 

These section* that are now eroding must have arisen successively 
from the general base level of erosion, and worked upstream. When 
waning development supervened, the break in the longitudinal profile 
of the stream formed a local base level of erosion for the part above it. 
Thus the central mountain land has become separated from ihe general 
Irase level of erosion bv these local base levels above each of the more 
steeply inclined Sections of the river bed. The peneplanc surrounding it 
is therefore different from that of an insdherg bmbeape on a continental 
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nm®. It b not an crtd-pcneplane t and may in contradistinction he 
termed a pitditwTif flat > 

A preliminary survey of the Black Forest and the Fichtelgebirge 
shows similar failures to those of the I lane. But in these easts there is cun 
one piedmont fiat bur a series which may be termed a piedmont stains ay r 
or pittlniwt hetichlantk. 

(b) PIEDMONT IJENCHLANDS 

The northern slope of the Fichtelgehirge dhows this development par¬ 
ticularly mdL 

"The central mountain [and baa two types of summit: sharp crcuts, often 
surmount ed by granite tors; and do me shaped mountains. The almost 
level tops of these latter* with their wide* shallow valleys, are in some 
cases (eg. Hodihaide) at height* of about 900 metres; and they arc 
fragments of the same penepkne P 3 which elsewhere surrotmds other 
dome-shaped mountains that reach an altitude of 950 m. (c.g. Oehsem 
kopf). In recognising these as pans of the ^jimc pcnephrie, even more 
important than accordance of heights is the fact that each l hounded, 
both above and below p hy a bdi of convex ^Sope* r separating the fiattish. 
concave form associations, The higher domes bear on their vmmmift 
what seem to he fragment of another pent-plane* V l , This is an end- 
pencplane of almost completed waning development; though even there 
s few crags are perched on the flatfish ridge* between the w ide shallow 
valleys. 

Only the highest elevations on the V f surface still bear traces of the P t 
level in ihc peripheral parts, steeply rising concave slopes already inter¬ 
sect, at lower elevations, to give pointed summit* (tg* Kussemc). 

Shallow, hut fairly steep-aided erosion furrows score the slope* of the 
higher domes, and debouch on to the I\ surface. V -shaped valleys* with 
steeper aides, start at lower levels and ait back* the more vigorously the 
lower their local base level* of erosion. Examples of such local base levels 
are the flatfish interfluves between the Eger and the Ritakii, pares of a P* 
peneplane at c 370 m*; and also these rivers themselves This F* surface 
penetrate* the central mountain!arad in the form of wide valtevs* which 
them selves have younger* narrower valleys sunk in their floors. North of 
the central moij mainland it is the dominating feature, sloping north* 
wards mid aiding in the steep convex slopes of a lubed scarp, in front of 
which lie residual hills. At its southward edge, concave slopes lead tip 
towards die F, level sometimes meeting m sharp creels crowned by 
crags (where the side valley* coming down to this peneplain: are euffi- 
rifctvrty close together)- 
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The following general relationships are now evident; 

(l) Each pene plane of a piedmont stairway continues in the form of 
valley flixars into the region rising above it. 

{2) Each lower pent plane was thus the level at which dissection started 
for the zone having a higher pcnepbne for its tipper surface. 

(3) Each lower pctieplanc must thus he younger in origin than the 
next higher une. 

{4) The highest parts of the country are the oldest of the denudation* 


areas. t . , 

{;) Dissection by valleys is due to erosion, I best- erosive incisions are 
associated with the steeper slopes connecting two peneplane levels. 
Their headward cutting tributaries show convex profiles both in longi¬ 
tudinal and transverse sections: so that zones of Convexity separate the 
peneplane levels. 

(6) The nearest base level for such erosion is the next lower pene- 

plane. . 

(7) Each eroding section of a stream leaves behind it a zone of dece¬ 
lerated or of completed erouiun. i.e, waning development starts on each 
lower pcncplane and spreads upslope from it. 

A piedmont stairway (or piedmont bcnchlands) is thus characterised 
by /onal alternations of the features of waxing and waning development 
(convexity and concavity)* The uppermost peneplain are ihe oldest; 
and on the others those parts nearest the next step above (the proximal 
part) are closest to being end-peneplancs. This part is continuously 
growing, whilst its peripheral edge U constantly being encroached upon 
from below by the next lower one. as the sleep convex slopes separating 
them are worked hack by stream action and denudation of the slopes. 
Ptmeplanc P, corresponds tn the Harz peneplanc. 

As regards the age of any penepbnr belonging to a piedmont stairway, 
it must be remembered that the surface is always increasing in size at the 
expense of the higher land, sn that even pcneplaneaof very ancient origin 
may have a pan which is geologically recent. The transgression of I er- 
riary bed* on to the P, pcnepbnC (e.g. near the embayment of l*cipzig) 
helps to date this, combined with the fact that it truncates beds ranging 
from Cambrian to Mid-Hunter. 

As regards valley dissection, identical stages in different areas may be 
recognised by the similarities of their longitudinal and transverse profiles. 
Fallowing the valleys and their tributaries upstream, zones art reached 
where the valleys are increasing in width, decreasing in depth, and have 
gentler slopes in cross section. These show the first and oldest stages of 
valley dissection. Such zones are separated from similar ones below by 
steep sections: and these eroding portions are steeper, and have a greater 
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difference in altitude between any twu Itrdlfcs of ^riuJiciit, the Imvcr tli0 
level m w hich they l>dong» i.e. the Inter they (live .1 risen ai the tissc level 
of erosion (cf, fig, 13 for the Husn;}. This makes it dear that those parts 
ot' a piedmont flat King out beyond the *one of inadbcsgS (or furs) cannot 
be an cnd-pcflcpUnc, since its forms are growing steeper with waxing 
development. 

'There are also intermediate levels to be discerned, especially in the 
neighbourhood of the Saalc near Hof (between l\ and P 4 ). They are 
nut separated phases m tile process of dissection, but members of <3 con¬ 
tinuous developmental series, which points to the steady nature of die 
course of natural events. 

The imdhergs diminish in height away from the step between the l\ 
and l 1 , peficplanes- i.c. the l 1 * and 1% flats converge away from the cen- 
trd nunmi a inland* and muM have originally merged into one an ether. 
Thb is true to r all tht lower pent planes of the piedmont stairway. That 
;i sEEfiilar connection cannot be traced between and K h 1% and 1\, in 
1 he Fichfelgebirge* is because denudation has wrought greater destruc¬ 
tion there, so that it cannot even be determined whether or not there 
were intermediate levels between those pencplanes now visible. But the 
fact that the scarps between the older, higher surfaces arc of greater 
altitude than those between die lower ones [contrast the relationship 
between the steep drops in the longitudinal sections of tht valleys] does 
suggest that the upper penepkne* also can verged, and united in one 
surface* m u wards front the mountain. 

Thu* the scarps between the peftepknes .ire not an original feature, 
but have been produced by valley diction, commencing at a lower 
level of the pent 4 plane —which i* nut an end-penephne. The scarps are 
valley slopes, or have originated from riuch slopes; and their steepness 
ami trend arc completely independent of the nature and arrangement of 
their rock material The original border zone between two penepbnes 
i.s the first part 10 be destroyed, it is replaced by i usd bergs and the 
spreading lower pene plant- (fig* f 6 ) L The whole of This becomes an end- 
penqikm- only when it has worked far hack dike P s and P T in the 
Fich! dstibirgr— and its peripheral part has been consumed by the next 
lower pcnepliittt. Such y stop-lite arrangement of ocur end-pcncfilane 
above another tan be* formed only by piedmont stairway development, 

Efo-UonaJ intensities between /cn> and a vets* small limit mg value 
occur twice in those teaches of -he streams which are directly tributary 
to the general base level of erosion vir. at the beginning of each period 
of erosion, and at it* <Thv. i.v, at the onset of what cause* erosion. and as 
thi* craws. The tnd-pcncplanc is associated with the second case, and its 
couth. ha* been characterised by progressive flattening. This is not true 
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for the pi Li! mom flats, which arc continually being replaced, at their 
peripheral ends, bv steeper forms. This indicaics increasing intensity «f 
erosion. Such peneplmws, which are mu developing into pentanes, but 
arc undergoing dissection, tnav he termed primary pcneptoftds. Their 
formation is associated with the gentle erosion occurring between the 
original onset and a sin alt upper limiting value, 

This takes the problem of the piedmont bench land* tank 10 Chr causes 
of the erosion, and of its variations. Rrosinn came into play in one atone 
after another, each further down the general slope of The mtnintam rnasa. 
j,nd it increased Jowly in intensity. Meanwhile, in successively higher 
zones, erosion was increasing to what was a definite maximum for each. 
These maxima became successively greater, and meanwhile die edge of 
the mountain mass extended further ami further northwards {as seen 
from the position of the Oligm-ene transgress! on at beds, and from where 
the J\ pent-plane has been preserved below them). 

lamination of the surfaces below the transgressing Obgoccnc beds, 
in the neighbourhood of the Mulde, slums the P, surface, its northward 
extension dissected into mselbeigs. an intermediate level smutarly dis¬ 
sected by the l\ level, and valleys in P, itself. This put* P, back to the 
Eocene period, T he l P x surface b oWer; but ml older ihun she t eno- 
manian which it truncates near Freiberg (in Saxony). The under surface 
of the Cenomanian transgression probably corresponds to the peripheral 
nan of the P, level which has its crystalline surface weathered deeply. 
The uppermost. P, and P„ surfaces must therefore have originated far 
hack in ! he McsoMiic rr,i. o that wc may he seem* Jurassic hirm avia¬ 
tions, Which have continual to develop till the present day, preamp 

the same characteristics throughout. 

The seas of the tapper Cretaceous and Lower Obgocenc were merely 
episodes, associated with the sinking area u> the north (as shown by the 
transgression of Cretaceous homoti* over nm: another with retrogression 
in Daniim times -and similarly for the Oligr^ene), Phis area of fluctua- 
lion separated that of cunt ini mussed 1 men tat inn 10 the north from that ul 
continuous denudation to the south. e 

Si mi lar piedmont bench hinds arc In he on the Atlantic slope of 
the Appalachians. They have heretofore h«n interpreted as end-pdn*- 
pUnes—D bv iaian peneplains. Here, too, there was marine transgression 
(Senotium to Miocene), and upwarpmg of the 'Cretaceous' peneplane 
Here, too, the direct ion of movement did not alter, either in the area of 
uplift and denudation (Appalachians) or in that of subsidence and de¬ 
position (edge of Atlantic Ocean)! hut the latter ar^i increased and 
diminished in sire during the periods of tune considered, I he Hudson 
submarine channel i> associated with recent subsidence iu Lhis region. 
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^ Sea nH ins via also to show a central mountain land (in south 

Norway— a Caledonian relic) surrounded by stepped pencplancs of 
which the lowest, the strand-flat, bears many insclbergs. The absence of 
strata containing the detritus nf denudation is a hindrance 10 exact inter¬ 
pretation of the features. 

No piedmont stairways have so far been found in the mountain Kelts uf 
crustal instability. 


5. BROAD FOLDS 

Pencplines occur quite frequently in the mountain belts, variously 
combined with other form associations. TiO recently no satisfactory ex¬ 
planation has been given for them, since it hat! been assumed that they 
were associated with periods of ‘tectonic rest 1 , 

f he first thing to be done is to describe them. 

{a} The Alps 

The remodelling effected by the Pleistocene glaciation makes it diffi¬ 
cult to characterise the special aspect of relief being considered here, 
especially as it has also masked the connection between prc-glacial forms 
and the deposits derived from their denudation, In addition, complica¬ 
tions are introduced because folding continued into early Tertiary times, 
extending into the foreland and involving the deposits of denuded 
material that had been laid down there. 

W ell-marked forms of waxing development may be seen where the 
extension of folding caused antecedent rivers 1 ■ pas? through gorges, the 
convex walls of which rise to flatfish forms on ihc summits of the ranges. 
But not only there They occur also well within the Alps, even though 
here dissection lias gone further. They are clearly visible in rhe zones of 
the great longitudinal valleys, which run parallel to the trend of Lhc 
mountain chains. Here the interval Icy spurs do not rise so high 3$ in the 
mountain belts at either side. These zones seem to have developed from 
longitudinal undulations in the rising mountain arch, probably far hack 
in 1 ertiury times. Between these depressions were what now form the 
nones of ridges, where. .1! the present day. the valley slopes intersect in 
edges reaching higher altitudes. The Forma are usually steep-sided, recti¬ 
linear in profile. But ct-cn here, especially oil the spurs, there is often 
Convexity This i> true well alwve the limit qf glacial rounding. Sculp¬ 
ture by glaciers has notched them with concave sections jn the general 
convexity of slope. It is more difficult u> recognise the pre-glacial form 
of the valley Honrs. Hut these do appear to show breaks of gradient of 
very ancient origin. 
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There seems no doubt that the present steep relief was preceded by 
gentler slopes, preserved—to differing extents—in both the zones of 
longitudinal valleys and those of The ridges. Confirmation is found m the 
correlated deposits of the foreland. For from Stampian to Sarmatian 
stages, the grain of these increases in coarseness up weirds, until con - 
glomerate j* reached iTic Alpine area was increasing m height from 
early Tertiary times to that ut the Pleistocene glaciation, its valley slopes 
and the long-profiles of the valleys becoming steeper. This also explains 
the narrowing of the valley cruas-scelinns downstream, as wax found to 
be the case in the German I Hghlands. 

Difference? in rock material are not the deciding factor here., For the 
same Triassk limestones, which give rise to sharp peaks and ridges 
around the Lech valley, form rounded bosses near that of the Inn (longi¬ 
tudinal valley zone); and the same differences hold true for the crystal¬ 
line rocks belonging to the riilvretta and Otza! nappes, Variations in rock 
material arc very important as regards any individual features in the 
Alps, especially the lines of small valley ramifications But even lien: the 
shape of the slopes is unaffected by the type of rock. 

The gipfclflurfor imaginary surface 1 angersitaI to the peak* anti ridges, 
which show an extraordinary accordance of summit levels) is in depen¬ 
dent of glacial remodelling and shows a notable connection with the dis¬ 
tribution of forms of stupe, )is shape is tliai of an unduEating arch, sink¬ 
ing longiigdinutly to the main trend of the mountains in the region of the 
great longitudinal valleys, and sinking transversely where there are 
passes or sections of the principal nver courses which cross the strike of 
the folding Where the gipfclfiur sinks, thiuish slope units are to some 
extent preserved on the summits, where it rises, any ftittish precursors 
of the steep stnpe* have vanished, but their former existence ss proved 
by the convexity which can still be traced on the slopes, This association 
with ihc undulations of the gipfelflur explains why it h that the great 
Alpine valleys are* on the whole, independent of the arrangement of 
folds and nappes. These undulations* cannot well be the result of later 
warping, since its risings and fullings are associated with the preservation 
of different types of slope, indicating differences uf erosiuiial develop* 
ment in the two cases, and bo of the Causes leading to the erosion. 

A peneptanr. of post-Sarmatian origin, cuts across the Neogene strata 
of the Alpine Foreland. Its surface h slightly uneven, and it is covered by 
outwash gravels of the first Ice Age. It looks as if it might be a piedmont 
fiat in front of its associated mountain!and. Hut it cannot be one of the 
usual type* since the Alpine area and k» foreland are separate tectonic 
units* which have generally moved in opposite directiotiH. 

However, piedmont fiats are found within the Alpine region itself— 
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in the eastern part, where the cndogenetL development has been differ¬ 
ent from that in the west, where also there was less glaciation, and w here 
there are massive and extensive deposits of limestone. Ancient fonts 
associations, uf medium relief, arc found on the limestone plateaux of 
both northern anti southern i'alcareotis Alps, and show the concave 
forms of waning development- Sharp breaks of gradient separate these 
from the steep slopes of the valleys reaching up into this mountainous 
country. In the Northern Calcareous Alps there is a general slope north¬ 
wards, and a lessening of relative relief in this direction so that the forms 
approximate to a pcneplane. For the Sanlach region (^airimrg Cal¬ 
careous Alps) two different levels have been established for the plateau 
surfaces. In a southern group, they show a rise southwards from c. 
I boo m. to c. 2700 m„ the summits of the peaks [of moderate height) 
rising similar!). \ northern group has its surfaces at about 1500 m. and 
its peaks at c. 1700 m. In iwn places this lower plateau is interlocked 
with the higher one in cm bay menu. Elsewhere the two levels are separ¬ 
ated by a low-lying licit containing the Saalach. This is like a longitudinal 
valley zone, and slopes down to the north-cast- ft also is probably a 
dow nward undulation of the gipfeltiur, ihc plateaux corresponding to 
the ridge zones. On them, there have been preserved the gentler slopes 
which have been replaced by steeper ones in the zones of ridges in the 
west 

The date of origin of the plateaus of the High Calcareous Alps seems 
to be OJigoecite. Some of the [lower lying) plateaux of the Fore Alps may 
be younger, and possibly the lower plateau of the Saaiach district. 

In the southern Calcareous Alp^.. the Doltinntcplueius, continuing to 
the Julian Alps, form the upper level. The marginal chains of the Yal 
Sugatta—fid I line sc lines arc lower. 


(*) The Kastolv Sloj-v or nrn Alps and its 
Bound ah v against the Karst 

Between the Julkn Alps and the Karst three plateau levels can be dis¬ 
tinguished (u) Triglav-Krn, from c. 2500 m. in the north-west to c. 
t 3 oo rri. in the smith-coat, and the tops of mountain ranges, between the 
uppermost tributaries of the Wochrintt fBohinjskaj Save. Baca, etc., at 
the same level; (A) a jwneplane below this, continued as piedmont tints 
into the Volley flours of the higher level, altitude c. 1500-1300 m , e-g, 
Jelovka Plateau; K) broad, flat areas, often sunk valley-like in (i), at e. 
1000 m., followed by, c.g., the Woeheincr Save. 

J hcre has not yet been enough investigation to date these levels geolo¬ 
gically. But it is known that: 
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(i) The Wbchem [Uuhinj] (at the eastern end uf the J Lilian Alps) is a 
synclinal region, containing OHgocetic Ixdtt, The surrounding dthirtci 
bears the uppermost plateau, the origin of which cannot therefore be 
later than pre- Middle Oligoecne. 

(2 > The second level (jetovka) is younger, and seems to stretch over 
the (disturbed) Oiigocene of the Wochein—perhaps uf Mediterranean 
age (that of the beds in the Save embayment), 

(3) This may be a continuation, in the form of valleys, of the pene¬ 
plain; which calends over much uf the mountain area between Trieste 
and the Save. This latter is the main peimplane of the transitional region 
between Alps and Karat- On the -Adriatic side it is dislocated by frac¬ 
tures, parallel to the trend of the Dimtric folds. It ha* been considered to 
be of Pontian age. But even the common gcneralisaliun uf Miocene can¬ 
not he verified, though it is certainly later than the main Oligoecne 
folding. 

All that seems certain is that there arc, at several levels, one ahovt the 
other, ancient form associations, of a subdued character, related to not 
another in the same way as piedmont Hats: and that the approximate date 
of their formation is between Eocene and L’pper .Miocene , This was a 
time when vigorous crustal movements were in progress, making it most 
unlikely that these arc end-peneplain* (Davisian peneplains} associated 
with tectonic rest. Some of the most nearly graded pent-planes to be 
found anywhere are in the Diiuric Karst; and the lower ones continue 
as volley floors into higher ones, just as with a piedmont stairway. I lie 
maimer of development has been influcfltfcdi by the soluble nature ui the 
limestone composing them; but here, as elsewhere, piedmont fiat:, have 
grown at the expense of the land rising above them. I lie grandeur of the 
scale of these successive plateau steps in the Dinnric Mountains has at¬ 
tracted attention. Convex slopes, or convex breaks of gradient, separate 
them from one another. The plateau surfaces slope towards the main 
lines of drainage, from which the steps work back, She interval Icy 
divides of level II disintegrate into msdlatrgs standing 400-500 m. 
above level II J, and south-eastwards they merge into a higher plateau 
surface. South-out Tsdutsdwnbocfcfi [Monti Jci Vena] corresponds in 
altitude to level II on the eastern slopes of the Julian Alps; and, like it, is 
on the mountain strip between the downfaulted loiictfll tlw Save and the 
Adriatic. Schitccbcrg of Camiob [M Nevoao] seems to he an ittsdlwrg 
of level I. 

(a) Discounting the undulations of the gipfelflur, its absolute height 
diminishes not only towards the northern and southern edges ol the 
mountain system of the Alps, but also towards the eastern end of il s 

general trend. On the summits of even the centrally lying ridge wines, 

, c r,*t,A, 


403 SUMMARY OF VI I, 5 

flatlish and intermediate form associations an- belter preserved in thL 
eastern parr They are analogous to i!u pfolr.un of the Calcareous Alp*. 
Tlic main relief features are independent of both sum-lure {folds and 
nappes) and rock material. 

A further difference at (he r^ltm end is that the undulations of" 
the gipfdflur became sharper. The zones of longitudinal valleys arc ven, 
ancient in origin—as is shown by the Middle or even Early Tertiary 
strata in them, These have invaded stones which were relatively sub¬ 
siding. and mantled a denudational relief. Continued crustal movement 
has distorted these beds. The eastern end of rhe mountains, especially in 
the Save vatlcy. shows repeated alternation of sedimentation and denu¬ 
dation from Middle Oligoccne to Lower Pliocene; but utt the whole the 
deposit* recede further and further from the mountains, and the areas of 
denudation expand. 

( f ) This oscillation 0 f the area of sedimentation is not confined to the 
have embay me nt hut is characteristic of the whole eastern end of the 
Alps &h they plunge towards the Pannoman Plain. That is, as in the 
zones of 1 he continental massifs, the mount am land {here occupying the 
western pan) is separated from an area of continuous sedimentation (to 
the east) bysroneof 1 inconformities. 


(c) Anatolia 

The great undulations along the strike, found in the east part of the 
Eastern Alps, are comparable to the tectonic type of broad folds. Research 
in Anatolia first provided information about this structure. 

Two regions may he distinguished there; (a) the western part of the 
peninsula within the Dinatw-Tauric festoon; (6) the festoon itself. In (a), 
the hroad folds, running east-west, are entirely independent of the wav- 
in which the strata are folded (the folding being of various age-, fmiii 
Palaeozoic to Oligocene). In (fr>, the strike of die broad folds coincides 
with that of the folded strata. In the western anti Lvclan Taurus, the age 
of folding is Eocene to Middle Oligoccne; thaiufthL broad folding seems 
to be from Upper Qligoccne to the present day. 

The deposits, laid down a. the broad folds rose, ate found mainly 
within the troughs of the broad iynclinea. T heir ages vary, m the indi¬ 
vidual regions, from Aquitanian <0 Levantine. These Neogene bed a 
were laid down in areas of relative subsidence; but the latter do not 
everywhere coincide with die present sync lines, having occupied a 
greater area in the Miocene period. Freah anticlines, with east-weil 
strike, have arisen in the older broad Byndines. ITie regions of dcpcsi- 
tiori were divided up and also thdr area was decreased. Tht» some 
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ranges (tike earlier one*) were never covered by Neogene hed*. which 
occur only at their foot. Others were arched up beneath them, but liave 
Iasi the greater part of them by conicitipomncou^ denudation. Younger 
Ncogentr beds, are found at the sides of these ranges, as strata correlated 
with their Uplift and denudation. 

Earlier Neogene strata have often been distorted bv later move¬ 
ments, and covered un conformably by taict beds. The unconformities 
within the Neogene sequence are not all at the same stratigraphies! level, 
so cannot be used for determining age. Several, one above another, ma y 
even occur in the same range, 

flic anticlinal character of the mountain chains and ihc synclinal 
nature of die longitudinal depression* arc shown by the fades and bed* 
ding of these Neogfthc strata. In general, the older horizons seem to have 
been pushed together more strongly than the younger ones, Tim must 
have been due to tangential forces situated within the system of broad 
folding. Longitudinal faults are found in the west, where the broad folds 
have increased in amplitude for relative height between rid^e crest and 
trough flour). They die aw ay towards the hi^h bud of the interior* horsts 
giving place to anticlines, down faulted troughs to synclincs, 

The Jhthvmau Olympus (Kcshigh Dagh > now Ulu dag I is typical of 
an east-west range of rather early origin. It shows so vend levels, I_evel I, 
on ihe summit, is the oldest, and is hill country of subdued relief, with 
Concave slopes anil trough-like vial leys. It does not stretch far in an 
east-west direction. bm in soon replaced In a ridge formed fmm the 
imersectifm of younger, deeper slopes the continuation of those hading 
down from summit level t to y lower level which, on the north side of 
the range, farms an undulating piedmont surface {"the upper Ecrrace*) 
with its own system of shallow valleys. On its lower side es j convex 
break of gradient leading to further steep slopes. Sometimes f north-east 
pan) these are associated with the present-day valley si, which arc work¬ 
ing upwards. Elsewhere (north west) they end below in a lower pied- 
mom flat (surface III—the lower terrace', preserved mainly on inter- 
valley divides), which pcnctraie* m valley floors jmo the upper region. 
Surface III lia* certain features in common with surface U: 

*. Due north and south of the central mountain I and {!), surface III is 
not present--"either it has never been formed nr ha* been replaced by a 
younger sttfep relief. Westwards, it wriieus .1* surface 1 becomes lower 
and disappears, surface II then occupying the summit of the range at a 
lower altitude Surface M is also found on the ridges between the valley* 
which issue on to surface III. 

2. Surfaces U and III are both strongly warped in a direction at 
right angle* to the strike of the mountain range, The recent steep- wailed 
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valluy incisions arc confined to the upwarped parts, and end above the 
convex break oft; tad lent leading down wards. 

Surface III at the edge of the range stretches over on iu the Ncogent 
strata fi I lii n; the Bursa-Apulvunl syne line. Hie present-da v valleys form 
surface IV. 

Tims the higher eastern section of the range (cast of the Offer Chai) 
Shows the whole of the piedmont henehbnds. Westward, as the range 
becomes lower in altitude, the tipper surface vanishes; the uppermost 
piedmont flat of rht cast becomes the summit level in the west, aru] the 
steep relief does not reach to 39 great 311 altitude. Hie causes of erosion 
have affected the eastern and the western parts to a different degree. 
Erosion set in first where the piedmont flats arc now most numerous, i,c, 
w here the area of denudation has been increasing. The range has grown 
much less in w idth than sn length aiul lici^hi. 

There are not yet sufficient data for accurate geological dating But it 
iap<miMe that surface HI originated at the Levantine stage, surface II at 
some time in ihc Miocene period, and iiirfact I as far hack as the 
OJjgoccnc, 

Hie western part of the Kcsliish Dagh belongs, like the coastal range 
tttlween I itilc Phrygia' and the Sea of Marmora, to the more recent 
type of broad anticline. The gipfdflur, lor met! from the dissection of 
ihc ancient form associations of surface f. often re fleets ilte brachvalllri 
clinaJ structure nf the hroad folding. Surface II h found on both the 
wide depressions of the range crest (separating brachyantuuJ summits} 
and the later Tertiary beds in the broad syndines, showing how indi¬ 
vidual mountain uplifts grew together, by elongation along the strike, 
into a single rangt. 

It seeme eemin that broad foldiim is a characteristic of the Graeco- 
rtalkan Dinar ids also; and probable that, in the north-western continua¬ 
tion inwards the Alps, tile morphological differences between the inner 
and the marginal parts are due merely to differences in ihe date of origin 
uf broad fufds. 


(d) The And!NE System or Ranges 
The Chief characteristic of these is the alternation of more or less 
closely ranged chains and depressions, similar to the Basin and Ranee 
structure of the western United States. The general explanation has hcen 
that of faulting, Hal- ta tilUrJ blocks, 

.Although Strike faults are presem in the Cordillera of \ ( ,nh and South 
America, it has never been proved that it is the rule for the ranges to be 

hounded bv faults, and .. ften ill, -, have been assumed from morpho- 

logical criteria alone. For flexures can product the same effect nf a steep 
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straight edge; and when the presence nf strike faults of great throw hu> 
hcen ged^tailLy proved, often there ii* no associated relief feature The 
formation of the ranges is tint primarily due to faulting; though, under 
certain enndhintts, Amlin may accompany their format in 

In some parts nf the Argentine Andes* Strata have been preserved 
which are correlated with denudation of the rising chains. Thcv date 
fmm Upper Cretaceous to the present day. These help 10 show the 
broad fold nature of the basin and range structure, though morphological 
investigation is still at an early stage. 

The complex of the Sierra de Cordoba (rising from the Pampas) 
shows asymmetrical range*, each steeper on the western side, which has 
been dissected into steep relief forms giving ihc impression of ,1 steeply 
inclined fault. But the actual mean gradient i* generally less than 11 — 
tiw average being 5* The steep relief forma are due to more vigorous 
dissection as contrasted with the longer (and gen tier) eastern slope, which 
is less cut up sud shows vast fragments of ptncplarie between its pre¬ 
cipitously incised Valfeys. The scries of scarps are steps between pied¬ 
mont flats, Nevertheless, the interpretations offered have given an im¬ 
portant place to faulting, Ptficplanes at different levels have l>een as¬ 
sumed 10 he dislocated pans of a single re-exposed Palaeozoic pent- 
pbne—a theory which has now been disproved for the German High¬ 
lands. The variations in thickness within the Gondwana beds, anil the 
way in which Permian, Triatsk. and Rhacuc strata transgress directiv 
on to the old folded substratum, seem to indicate ihat the Palaeozoic 
surface wa* no pencplane hut mountainous in relief- The pencplanes 
of the Pampcan sierras, like those of the (Itimut Highland*, are not 
ancient relics, hut causally connected with the Formation of the Audine 
ranges. 

In the Sierra de Cordoba complex, the highest and oldest pcncplane 
levels one confined tu the Sierra tie Achilla (part of the Sierra Grande)* 
The uppermost has an altitude of over 2000 metres, and above it rise 
iuadberg^ the remnants of a disintegrated centra! mountain land. Their 
flanks and those of the valley troughs oil the peneplanc show the concave 
slopes of waning development Hus surface (II in hg. 19) is probably an 
czid-pencpiane. It is separated by concave slopes fmm the far more ex¬ 
tensive pencplane (HI) h 500 metres below it. In both vase* the moat 
extensive development is along the trend of the mountains and on the 
eastern slope. On the west, u narrow depression separates it from the 
Sierra dc Pocha On its eastern Hank is a pcncplane (IV, about 1000 
metres above SX<) having an upturned w estern edge. and sinking north¬ 
ward beneath the Pam pa. Similarly, the Sierra Chica (east of the Sierra 
dc Achate) has an eastward sloping peneplanc (II) on its summit and a 
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sleeper western side Surface [II. between it and the Sierra ife Adiala, 
functions as .1 piedmont flat in both ranges. As if sinks north-westwards 
beneath the Fnmpa, it may merge into that river the northern end of the 
Sierra Grande (which is somewhat south of ii), If so, it shows arching, 
since that occupies 3 lower level at this latitude. 

The deposits ai the foot of the Sierra Cbica seem to be of Upper Cre¬ 
taceous and Tertiary «t, and arc thought to have formerly covered die 
range. Thus it appears likely, js fils in with more detailed investigation 
of the Sierra* to the north-west, 1 hat the present surface forms belong to 
early Tertiary or even late Cremcemts times. 

By comparison with the higher ranges, to the north-west, it seems as if 
the ridges of the Sierra tie Cordoba are still at a relatively early stage of 
broad folding; and that they are of the type which increases in length and 
in phase as they grow in amplitude. 

In those parts of the mountain mass which adjoin the High Cordillera 
and the Puna de Atacama, and are attached to them, strike faults are 
characteristic structural elements over wide areas of the younger parts, 
but do not give rise to conspicuous relief features. They are often over- 
thrusts; and the Bolson of Santa Maria (Calrimpji Valley—Cinaimrcu) 
is a broad Syndine overt lints t fiuni both east and west. Further west, all 
the chains make for the rise of the Puna, which lhey eros* as unfaultcd 
anticlines. There are, however, abrupt morphological changes when the 
Puna is entered. For t! - depressions lie higher, at about 2000 m, above 
sea level; whilst or. the other side of the 4000 to 5000 m. summits the 
bolson Boors lie at looo m. The majestic broad folds have here an even 
crest-tine and bear pen e planes or the forms of medium relief on their 
summits (i.e. on the ranges of earlier origin). But the flanks and the ends, 
w hich sink beneath the alluvium of the lowlands, art dissected into steep 
relief, the plunging ends showing a gipfelflur of individual peaks. Such 
steep relief is found all over the ranges which have been proved to be of 
bier origin, and convex curves arc characteristic. The furni association 
here (r.g. on the lower parts of the San Salvador Range dropping east to 
the Busin uf Andagali) is in sharp contrast, however, fu that of the steep 
relief forms found on straighi ‘dopes of maximum gradient fe.g. the 
uppermost slopes of the Same range). Sometimes these two types occur 
in widely separated areas; sometime# within the Same stone ot steep relief 
bill well marked off from each uthtr. The intervalley divides of the con¬ 
vex zone', though a surface tangential to them would be humpy and nul 
even, belong to q definitely lower level than that of the sharp edges in the 
crest region and on the western side- Since there is no difference in 
climate or rock materialo, ihc explanation must be that in the former 
case the causes tending to replace convex curves by straight slopes of 
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maximum gradient (i.e, boteed erosion □) mtensity) have noi been in 
operation for so long as in the latter. 

Straight slopes, meeting to give a gipfelfiur* do not necessarily mean 
uniformity of development. For after the maximum inclination haft been 
reached (differing in different rocks), further jncre&Sc in erosive intensity 
cannot alter it; and it remains the same while the intensity is decreasing 
to that value which first produced it. The dope development is, there¬ 
fore, only p^ndo-uniform. The gipfdfhir doe$ not lie at the level of the 
c-jarlier, gentler fnrmi, now removed. On the older range*, where this has 
he en preserved, it 1^ seen to be separated from ir by a perceptible differ¬ 
ence in altitude. .HtiJI less is it removed from it by an imlcvcllcd fault 
line, as has been assumed for similar cases in other parts of the world, 
But Hs altitude depends upon the character of the rock, as this influences 
the valley incisions. Its relative height increases with the steepness id the 
intersecting slopes of maxi mum gradient; and with the increase in dis¬ 
tance between adjacent i alleys. What decides the absolute altitude i* 
left for later consideration. 

The following form aquations characterize the obUr typt of broad 
folding (exemplified by the Sierra de Efctnbali —c T 5000 rn r high where 
it enters the Puna). The\ are elongated in the direction of the trend of 
flic motinluin ranges, hut are limited to Harrow it rips, or arc even absent, 
at right angles to thib. 

\ a j A pen ep I me of more or less extensive remnants—relief type J in 
fig. 10 B. It forms a summit pcncplsnc with gentle slopes, These lead 
by convex curvature to ihc wide valleys surrounding it 
development). Occasionally it is crowned by tors. The part near these 
is an cnd-pencplane, developed from a piedmont flm (cf- p £14). On 
some nmges, e.g, Fatnaiina and Aconquija, there rise rounded, in- 
dividual summits hearing the remains of a yet higher pencplsntr 
(Ncvado Famatina —6000 m. f Germ Palco—yoo m-, and Ncvado 
Aconqnija—over 5500 nt). 

(A) Medium relief. 'Oija includes 1 1 and HI of fig, zo B I t comprise! 
form? with the concave slopes of waning development which replace the 
lower parts of I. The valley* are hmad troughs* but may he 50* m. deep, 

111 is a zone of steeper, convex forms, leading to deeper, narrower 
valleys Jfflll high-lying), with concave font-slope* showing the penetra¬ 
tion of waning develop merit from below. 

(c) rfteep relief—IV m fig. 20 B. It extends from the mountain foot to 
j sharp break of gradient fat 350a m im die Sicnrai de i"iambali) t 
separating it from III. Maximum gradients fiave not been reached in 
I! J Watuc development hns liecri interrupted by the appearance of this 
break nf gradient It Is associated with increased erosiontd hH«ttrty 
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leading in the ikve! opulent of slopes of maximum gradient winch 
spread upwards from the general base level of erosion. 

Towards the ends of the ranges, relief type (11 forms the summit 
fevet, surfaces II and i having both disappeared (fig, 10 C). 

Pcncplane L in relief type I, fig, 20 B, lias the character of a piedmont 
il.hr, though it may form the summit of ranges of later origin, it h a 
primary pcueptane (see pp. 212-215), medium relief (II and 
J11 ) bdow it shows dear signs of svarping, as teen in the alien form* 
of the gorges which traverse it, high above the young, *tecp relief 
IV, They seem to peter out on to old botson floors which have been 
dragged up as the ranges increased in altitude, becoming tilted, and often 
worn into terraces by the encroachment of the steep relief IV from below. 
That this intensified doming of the broad anticlines persisted, during 
the stage when steep relief was developing, is shown by the way in which 
valley terraces of uplift converge towards the mountain fool. 

The form association* show a time senjueriLC- from above downward*, 
the characteristic feature being the increase in steepness of their slopes; 
tl.ittis h relief in succeeded by medium relief and that by *tecp relief. As 
each stec|icr set of dope units and slope systems Appealed, convex breaks 
"I gradient developed, separating thefbtm associations above them from 
their genera! hfrfte level afcrn^ion, and *0 inducing the vt-ufimg develop¬ 
ment which has dominated them up to the present dav It has gone 
furthest in that form association which has been longest separated from 
the general base level of erosion, i,c. the oldest and highest stage. The 
thtuish (primary) surface of rbe central mountain land is rarely left. Its 
piedmont Hat (!) and even relief II show the concave slypes of waning 
development with wide valley troughs Waning development is only 
just beginning at ihe outer edges of relief III and is absent from relief 
type I\\ 

A con 1 pariso i i of different stager uf development shows tbit in later 
stage* the central mountain land lias been surrounded by a piedmont 
lliit, stretching out along the trend of the range. This means that m the 
HngO of earlier angmgrm in height (amplitude), they were atm increasing 
in hath length and width (phase). The Sierra de Cordoba, in a primitive 
state as compared with the high ranges of the Puna edge, exhibits this 
stage today- But younger and lower pied mom flats cannot be detected on 
the flanks of these ranges of earlier origin, So it follows that during the 
Imer stages of development* they amtsmml to increase in length and ampli¬ 
tude (height), but tint aha m pkasr i w idth ). Instead, warping of the existing 
relit} Zones look place. 

This is not Altogether rnic of the later formed ranges, c.g. San g^Jvadur 
(% 20, A 2), where very voting piedmont this {small-scalt stairways of 
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them) are found in from of the mountain Toot proper They have been 
terraced by streams flowing down the mountain slope; but the terraces 
are marginal to the range as a whole and their longiKu diiiaj scarps are the 
work of longitudinal streams. They show that there has been increase in 
phase during a laic -Hage of development, the marginal stream having 
become pushed ever further towards the adjacent depression m the edges 
of (his region of deposition became an area of dciindatiorL 

The very ymtngea ranges 0/ alt have no piedmont flat*, this show ing 
that they hare nrrf yet begun to irtrrtatf in ptnue, As cunt tasted with older 
chains which arc rw iotiger increasing in phase, their form association of 
convex slopes is he low, instead of above* the zone nf steep relief (sec fig. 
zo t A a* as contrasted with B h), 

Unifomkity In development is proved w hen various ranges show simil¬ 
arity in the formation and arrangement of their slope units; but this does 
not mean simultaneity in the production uf the corresponding forms. 
This has usually been assumed for the summit peneplain.* found all 
over the world which* when at different altitudes, were assumed to be 
differently uplifted fragment* of a single immense cnd-pci icplane, the 
lower part- of which were at ihc bottom of areas of sedimentation-. This 
preconception (associated wish the erosion cycle an generally applied) 
prevented the recognition on the peneplains of form ass-rM ; unions peculiar 
to the mountain range* on which they occur Hut whenever strata, that 
Can be correlated with the denudation, have been preserved (e.g. in the 
broad syncliM* of arid regions), it cm he demonstrated that these 
assumed connections do not exist. 

In the Puna itself these strata are of volcanic materials; at its southern 
edge, of continental formations (Upper Cretaceous to present day). 
Their extraordinary thickness (up to ten kilometres), shows that they 
have been deposited on a relatively sinking substratum. The fades 
arrangement (coarse elastic mountain-foot; material to fine sand) corro¬ 
borate* this. It shows that the areas of scdimentatimi became narrowed 
and were divided tip. This means that fresh ranges appeared one after 
another, or that previously existing ranges grew in length, entering what 
had been smiics of wdimentation. The attitude and fades of the cor¬ 
related strata are a sure means of distinguishing the relative age nf a range 
or its parts. 

It is found that the peneplaner of the range summits pass over into 
unconformities* with a peneplanated appearance, when they reach the 
edges of the adjoining broad synclines; and they pass into strati ficanon 
planes a* the actual baton is approached This proves that they are 
primary peiu-pfcmes, never having Iwd any other funn. Ie nlso gives the 
geological age. 
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On account nf uplift, these primary pcnephncs have Isran expend 10 
denudation, The unconformities have also been arched with them, and 
arc more steeply tilted the older they are. The stratigraphical age of the 
deposits, and that only* gives the age of such peuepknes, and shows 
whether or not it is the same fur those on the summits of different ranges. 

Fig, 21 A illustrates this diagmmmattcally for the neighbourhood of 
the Sierra dc Fbnabala. I"he section passes through four ranges- The 
oldest b the Sierra dc ETftmbaU, this being shown by the fact that the 
Lower Tertiary CaldiaquI beds contain fragments nf the mek type found 
h err. The trnriglomcrates (c k} nf these strata ^immndcd the rifling range. 
Westwards, they pass into Fnnrutiott of fine sands, lying conformably 
on the 1 T pper Cretsdeow sandstone- This is seen m the fool of the Sierra 
Narvaez, proving that it had not yet risen as a mountain range, These 
Calchftqui beds lie on what is seen {wherever accessible) 10 he an almost 
level surface of denudation. It is not possible, however, 10 decide with 
any certainty 3$ to which elements nf the present mountain surface are of 
Lower Tertiary age. 'Hie piedmont flat L derived from a centra] rnu-iin- 
tain land, seems to be correlated with the J'criiary Calchaqui beds; and 
the fact that the Upper Cretaceous sandstones crs t and west of the 
Sierra de Fimnhald taper Otf towards Hie range itself, implies that ;sl that 
period it was already separating two areas of deposition* Its fine grain 
indicates that the relief was bin slight Thus it seems likdy Thai it was 
an Upper Cretaceous (seneplane which formed the primary pcnepbtw at 
the surface of the original summit of ihr range (nqw represented unh hv 
tors). Then, in Lower Tertiary times, a piedmont flat was formed round 
,i cemral incumtainbind* the dissection into valleys providing the material 
far the Calehaqui conglomerates. 

The under surface of the Puna strata (Middle Tertiary) is a parting 
plane which extends from the liutson dc Fkinbali to near the Fanmtina 
Range. Here gravels of Lower Puna age, derived from the Uien riring 
Sierra Sn rvaez i Famatina Range) he conformably upon the Lower Ter¬ 
tiary Calchaqui sandstone Between the Sierra dc Pkmhali and the 
Sierra Narvaez was 4 w ide depression* fur the now folded beds consist of 
Purm santhtu m, which must luv* been deposited at a distance from the 
mountain*. tying conformably on the Trftip^ Calchaqui conglomerates 
fas w ell as on the Lower Ternary Calehaqur sandstone). Bui at each side 
id this sone of eo&fnmiahility, tht Puna hed& transgress in a sharply 
marked imccinfomiity over the disturbed substratum which had been 
levelled by it, l*hb ittkonformity passes over into ihc summit penepkne 
of she present Sierra Narvaez; and, an the other side, into ihc bummockv 
level of relief 11 I on the Sierra dc Fiajnbali, ‘["his connection is shown b y 
the overlying strata, the Upper Puna beds. Between the Caleb** |ui 
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Mountain* (west of the Stem de Finmbali) and the Funatina Range 
(Sierra de Narvaez), the under surface of the t r ppcr Puna beds can be 
traced as a parting plane; and here iherr later arose the yuiotgest n&gt uf 
all (the Afldmca anticline) At the edge of the Famatins (Sierra Narvaez) 
range also, the coarse Upper Puna gravels transgress on to a surface with 
definite relief features, which indeed cannot he distinguished from the 
valley floors of the so-called High Terrace (of relief type HI)* Hus same 
surface is quite smooth on the flints of the Calehuqui Mounttmi, show¬ 
ing tt to be a nencplanc. This [primary] penepkne would have continued 
aslhe upper surface of the Calchaqui Mountains, though it is only here 
and there that any summit pcneplatie is now visible. 

The repealed alternation of facies, coarse to fine and back again, tn 
one and the same vertical section, is of importance (e g. eastern edge uf 
Calchaqui Mountains-fig, 21 A)* It might be thought at Ural sight to 
implv alternations of uplift and standstill. Hut the strata show super¬ 
posed fades with different source regions, belonging to different ranges 
in differing states of development. As a range fi™t appears, us denuda¬ 
tional derivatives are predominantly finegrained; then, with greater up¬ 
lift* a coarse mountain-foot fades is laid down above them, and stretches 
out further ami further into the area of deposition. Phis is to 1 1 seen m 
the Calchaqui beds in the west of the Sierra de I tamhuhh 1 he coarse 
conglomerate* extend further west in the upper layers. The same 1* true 
for the Lower Puna beds, extending inwards from both flu- riser™ de 
Fiamhala and the Sierra Narvaez, and fur the lp1* r Puna hed.c also (it 
the presence of the Calcluqui .Mountains is neglected). Once a range has 
begun to produce coarse material, it continues doing so, up to the preterit 
time. Thus sections through the present Calchaqui Mountains show, 
from lyowcr Tertiary to Upp« Puna strata, nothing hut coarse deriva¬ 
tives of the Sierra de Fiambslif and this facies is now forming huge 
alluvial cones at the base of this Sierra. Fragments from the Sierra 
Narvaez, of increasing Coarseness from [>jwer Puna times to the present 
dav. extend further and further into areas where the Lower Tertiary 
beL are of fine-grained material; while the fine-grainedI fac*S uf Lower 
Puna times luis not only been narrowed m extent, but hit* been pu&heJ 
c£UitW 3 f d* (toward* the Sierra de Fiambidd). that it I its above the 
Lower Tertiary mountain-foot incied of the C.ff chaqui beds (tig- 21 A 
p, over r k. twsidc the Culchiicpit Mountains), I lie l IW 1 V na 
show corresponding features, their fine-grained material bring been 
shifted westward us she ( aleh.u|ui Mountains rose. Finally, tinc-graintd 
Quaternary materia) occurs only ,n the central strip of the Bolaon de 
Li ambit li.lt is bordered by ccwradv clastic talus and overlies coarse 
Upper Puna gravels. 
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Thus, its successive periods there ha* been a horbontnl displacement 
of the fades regions, lllc facies bid down at u distance from the moun¬ 
tains is restricted in that pan of the trough which ss lowest at the time; 
and. us fresh chains arise* this is not only narrowed down bul also shifted 
east or west. Conditions along Lhc present watercourses illustrate this. 

'I'here b nothing in the facies arrangement to suggest akernaiuuis of 
uplift and tectonic repose- Uadi individual rang* Isas gone on rising 
continuously, from its Oral appearance tu the present day. Its gradients 
have the refort increased, trading to increased crorional intensity. Hence 
ihc grain size uf the detritus lias always* been increasing* 

Somewhat ditifercm features are shown by the ranges which join the 
Sierra Je Hiimbrii eastwards and stretch into the Puna. In places their 
summits hear extensive remains of a peoepiane, and down warped por¬ 
tions of it now and then form broad surfaces on the mountain Hanks, As 
a rule, however, ii has been replaced by a medium relief with convex 
slopes (type III) on its lower side. It is obviously later than the Lower 
Tertiary, since it posses over small scattered remnants uf Upper Cre¬ 
taceous sands tunes and Calehaqui cojiglumcratcsv In the depressions 
(c.g, San Fernando and Lartipacilln) it seems to continue to the base of 
the Puna beds (of which only the upper division Im been found here). 
The hordering rangei do not seem tu have appeared, between the much 
older Sierras uf Fiamhab and Aconquija—Ccrros dc los Animas, until 
the blgMng of the Upper Tertian, . (At present thin has been found 
true only for the parts south of the Puna.) 

The summit peneplanc b ol the same type as in the older ranges, 
though it is younger (corresponding 10 the Under surface of p 4 in the 
Cakhaqui Mountains, in fig. Zi A). There is not enough information to 
tell whether it is part of a \ ury large surface which ha* been arched on 
the ranges and bent down m the depressions. This is not So where the 
ranges continue into the southern Puna (Laguna Dianna — Laguna 
Grande district) fur there the summit pencpLane passes across the vol¬ 
canic deposits ici the Troughs instead of lying hebw- them, and so must he 
younger than the floor of the depression. 

The southern Puna de Atacama is also divided meridianwisc by ranges 
and depressions. No longitudinal faults have been found here, the mor¬ 
phological features being due to simple on licit rial folding which includes 
[he superimposed vulcanic material. In the laguna Grande region the 
ranges, of rather youthful vrigin, have preserved the summit penqdanc. 
On the flanks, this is replaced by medium relief with convex dopes, 
which become concave (though ju&t as steep and as deeply divided) 
towards the mountain-foot Sometime* this waning development has 
reached to the summit. However, the very youngest of the form BSSOCb- 
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lions consists of sleep slopes (convex or of maximum indinaimn) appear¬ 
ing along the watercourses, in the few cases where these are powerful 
enough to remove the ruck waste. It penetrates from the edge of the 
sediments in the adjoining depression up to the shurply incised ravines 
and oven lo the fiat flours of the trough valleys within which tt produces 
a sharp break of gradient Thus the prevalence of forms of waning de¬ 
velopment along the lower parts of the mountain flanks is not due to lack 
of relative height, hut to the lack of c*instantly flowing water in this 
desert region. It is only in the higher parts and on the steeper slopes that 
transport seems able to catch up with the format ion of tuck waste. 

It is diaractcristic lor these ranges of more youthful origin to have the 
summit penephne passing on to □ lower disturbed stage of volcanic 
accumulation (perhaps equivalent to The Lower Puna beds) But some¬ 
times the flat eurface seems never to have existed* c,c the low range? 
near the Salt I ,.ikc of Pairique (extending from the northern edge of the 
I ;< listen de FkmbaLi towards the very hitfb Ncvados de 1 * Laguna Blanca 
(an old range)}. Of very recent origin, they are completely disintegrated 
into 4 j http mountain land (1 hough not of maximum gradient) with con¬ 
cave forms (fig. C3). When there is no summit pcncphmc. its former 
existence is |dwb by scattered rounded eminences, with accordant 
heights, rising above a mountain landscape of concave atape$; ur the 
whole summit is made up of flatfish domes. On the whole. Steepness of 
?1opc and valley depth increase from above downward^ becoming re¬ 
spectively gender and shallow er at the mountain-foot. In the Puna, it is 
on the lower parts of the aides of ihc ranges that steep relief (or the 
impression of it) is found. 

In the southern Puna (as in the Parnpom sierras) the otdrr ranges arc 
characterised by greater height and breadth and by more denudation 
levels, eg. the Nevada* de la Laguna Blanca, with broad dome-like 
shapes appearing as if built up one above another. This is because tiicy 
arc peneplane levels separated by clearly marked convex slopes, 

big. ai. V and D, show* the central mount a inland (I) surrounded by 
an elongated piedmont flat (l I), its valleys having convex slopes. The 
lower piedmont flat (III) was overwhelmed hy andesitic lavas flaws. 
Together with the overlying beds, it was flexed into ranges and troughs 
<if more recent origin* On rhe flanks of the older ranues, surface II is also 
anlidinafly arched. In consequence of the bending* the outer edge of the 
zone of convex slopes, between Tt and 11L has therefore undergone an 
interesting transformaltoa Tt is slight towards the sinking cuds of the 
range: but on the flank*, tt* increased gradient led to more rapid denuda¬ 
tion: ihat an the eastern flank *if the Nevada tie la Lagum Blanca it 

has keen replaced by steeper slopes which join surface II in a sharp 
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break of gradient, und on the lower ride pass dow n with a concave slope 
inm piedmont (fat l\ The effect of these steep slopes* overlooking the 
Lapina Blanca twin, is that of facetted spare—such as haa, in N r orth 
America, been taken as evidence of faulting Bui there is no fault 
here, 

Piedmont flat IV is equivalent to the summit peneplane on the younger 
ranges, extending over the (older) andesitic formation and its substratum* 


( e ) General Survey 

All the mountain chains examined in this book have, in Ppric of diver- 
sirics. shown agreement in fundamental features: 

{i} Division into ranges and longitudinal depressions; taken as a 
whole, these represent elongated darnings of 1 he crust; 

(2) Arrangement of form systems [slope units) and form associations 

the flattest above, the Steepest below* 

(3} Great extent son of the furm sswxaadon* along the trend of the 
ranges, small extension at right angles to this; 

(4) The longkiidind (strike) depressions between parallel ranges con¬ 
tain strata which are correlated with dbmidatim on the ranges. 

There ore great quantitative differences in record to deposition, fault¬ 
ing and dissection by valleys; hut theae are not difFerences in type. They 
are found in various pans of the saitic mountain system, as Well as in 
different systems of ranges. 

Folding is particularly important in the Tlastem Alps; and an intimate, 
though obscure, connection may be presumed to exist between the 
folded structure and the broad folding that caused the height of the 
present ranges. Several of the nappes of the central Western Alps, and 
also the Aconcagua mppv *^ c Andes* stem to liave resulted from 
broad anticlines; whilst the more recent ranges at the edge of the Arnh¬ 
em Puna a how imbricated structure. Where there is sufficient thickness 
in the complex of strata. She correlated beds have also shared i n the fold¬ 
ing, in the iirra just south of the Puna d* .Atacama. Since here the 
primary pcneplane surface pastes over the pile of recumbent fntds, it 
indicates that the formation of the range Iregrsn with the folding of the 
strata. 

Where there 1^ :s suitable substructure, broad folding begins by com¬ 
pressing this, and it out lasts the compression. It is related to true folding 
in that it 1= the result of tangentially directed forces In all stages of their 
development, broad folds crow predominantly in length and height, -oid 
lei ilieir advanced stages ccahe altogether to grow in width, lu this, as in 
tlie narrow longitudinal form uf ihc piedmont ftate T they differ from the 


SUMMARY OF VII. 5 415 

mcirt: evenly spreading continental uplift of areas ^mch a* The German 
Highlands. 

Dissection by valleys often makes n difficult or impossible 10 find 
evidence fur pciiepbnes and piedmont tlnt^. It sterna a* jf ih t: sc were 
always present on range* of early uripn, but not on recently formed 
ranges. These laiier arc normally characterised by steep and medium 
relief form?, VV. M r Davis considered their counterparts in the iiaairt 
Ranges and Mexico 10 be the remnants of tilted hlocks which arc 
approaching peneplanarion However* they show waxing development 
on their iutervallcy ridges. 

If the younger range* m the southern Puna are compared with the 
lower nf the Tibetan ranges* hot h agree in showing the roundish forms 
of medium relief. In the same way, the older ranges- of the Puna and the 
higher ones of Tibet both show summit peneplanes; and where these 
arc replaced by intermediate farm associations of medium relief, show 
the same change from convex imervalley ridge tops to concave foot- 
slope*. Central mmintolnbifidfi are present in both. 

At the eastern end of the Tibetan Highland, ihc longitudinal Jepre~ 
rioiis take the form oi deep inaccessible river gorges between broad 
tbttish ridges They arc comparable, though on a far grander .-ivalc, In 
the lorLgkudinal valleys of the Eastern Alps, in contrail to the fhmer 
depressions between the ranges at the southern Puna edge. This is 
partly related to the moister climate with drainage w the ocean, like the 
greater dissection min sharp ridge* of the Eastern Alps a* contrasted 
with the Pampeari sierras. Hut it h not entirely due in this; for [he essen¬ 
tia! factor m the differing decrees nf dissection is differences in the 
cause* leading to erosion in the various systems of ranges and their indi¬ 
vidual part*. This explains such anomalies as these: some of the bqJsons 
nf north-west Argentina [TwmhaSa aud Calchsqui Valley) show con¬ 
tinuous sedimentation even though drained by riverc; whilst the Ana¬ 
tolian type of broad syndine hud repeated alternations of scouring and 
infilling, The high valley* of the Truer-Andme Highlands draining 10 
tJie Amazon, have streams dissecting immense thicknesses of ffu viable 
and lacustrine deposits presumably bid down when this highland was 
nut at such a great altitude above sea-level; wbibt deposition i^ taking 
place now, as in Tertiary time*, in the low-lying depression^ of the 
Columbian-\ ene^uel.in humid tropical region. 

In North America also ihert are found ranges with even crest lines* 
Hmtish or intermediate form associations on the summits, and steep 
forms on the slopes—a complete contrast to the customary idea of a, "sea 
of Alpine peaks'. They have been assumed to he tilted blocks, e.g. 
Wasatch Mountain®, Sierra Nevada. But they are very similar to the 
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Pampean sierra* and also to ihc Tien Shan of central Asia. In spite of 
Pleistocene glaciation, the Cascade Mountains still show remnants of a 
centra I mounK&ixitand, an extensive piedmont flat, intermediate forms 
below it. md then steep form* in the most recent valleys. 

The same holds fur central Asia, where the piedmont steps used tu be 
considered as parts of one gigantic faulted pene plane. The unconformity 
below the Gobi sediments (dating back to the Upper Cretaceous) passes 
into a parting plane of stUttificsUkm between die Tien Shan and Kashgar 
Mountain*—this luring comparable to what has been obscured at the 
southern edge of the Puna. The Tien Shun summit pejicplanc seems tn 
be equivalent to thri T and so is a primary peneplaire; and there are 
re petitions of such levels on the heights add unconformities within the 
Gobi strata. 

In the central Asian depressions, as in those at the southern edge of 
the Puna, it can be seen, from the arrangement of coarse (mountain- 
foot) and finer deposits, that sedimentation occurred on a subsiding 
floor; and also that the strata at. the edges have been dragged upwards 
and folded. As in the Anatolian broad synch tie, the basin deposits often 
bear a low-level penepliine into which the valleys have hern sunk. 

Folding has been able to occur, in connection with range formation, 
only where the sediments are present over considerable areas, and in 
suitable stratigraphical relationship to the rising chains (apparently the 
Tertiary deposits are unfolded in the interior of rhe western Tien Shan). 
It indicates tangen I til forces, and strike faults often become overt la ns su* 
(c,g. Tarim mid Ferghana depressions, Cf. also the southern edge of 
the Puna], 

The growth of the mountain system as a whole differs somew hat from 
that of the individual ranges. Its general growth in height U shown tiut 
merely by increased elevation of the separate chains, hut by the dissec¬ 
tion pf the longitudinal depressions which have also been raised high up* 
by increasing coarseness of grain in the Gobi-strata; and by ibe lifting of 
Lower Eocene marine strata ip 4000 metres above sea level (western 
Tien Shan). The correlated strata are themselves folded and form inde¬ 
pendent chains. The mountain system links, fresh ranges to itself and 
pushes its periphery outward*, 'iihe same feature has nJscp been noticed 
on the eastern side of the Amies in north-west Argentina. Growth in 
phase is shown by the appearance on their outer flanks of very recent, 
wide* piedmont flats, a very fine example occurring at the edge of the 
Russian Altai. Mountains of Alpine structure also show this widening by 
the addition of fresh folded elements anti imbricated slices. Sometime* 
the old substructure itself is included in the disturbance (&ccn where 
stratified deposits are relatively thin), Systems of ranges behave differ- 
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tntly from individual ranges in that they increase in plme a* well us 
amplitude even in their most advanced slaves of development. 

Drariptiuris uf the Altai system uf ranges show that here, too, it is a 
mutter of hmad folding, and dissection into central mountain lands and 
piedmont flats. 

Less is known about eastern and south-eastern Asia. But it stems 
likely from descriptions of the Hinnta region and New Guinea that 
similar features occur there aJso T 

It has not yet been proved geologically that all mountain systems of 
the world are associated ivith broad folding. But there in great similarity 
in their eon figuration; and, in the systems thal have hern closely exa¬ 
mined* this? corresponds to similarity in development, both where broad 
folds have hecn proved to exist and where there is still uncertainty as to 
the tectonics. Thus uniformity has been established at least in the 
posing of rhe problem presented to us by crustal movements. 


The following pjiptrs contain important jmcsgtiumfr -?f Wulther 

Penck^ work: 

WiritM, A,, Murpholngniche Analyse und Msperimettt, Bchichtatufen- 
[andschafl (pp 1 24), Hangentwidtluug, Einchnungp Piedmont- 
treppen (pp* 57-H7], (Zeituhrifi flit GemisrphofQpt (Leipzig) 
i^JS 3° Si ^ lx ^ 

SPH^inirH, II,, Die Pipjinontfreppcn in dcr regionafen Geumorphulugic 
(Erdkund*, Ikb Y, Util 4, 1951) (pp- 294 304]- 
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GERMAN-ENGL1SH GLOSSARY 

(of name of the word* used In translating W, Pencks 

Du MorphotogiKht AMofytA 


Ainitichutig, h h slope 
jt&fluthung , f., (iowvemng of 

gmdkm) 

A hjtai.h w ngiltiMitf *. 1. t k.- [Sl- of diminish - 
tng gradient 

ufofrtjfd'Hdf E&ftiUVJthi gjf, L* warring de¬ 
velopment (Jit. descending - ) 
Abtraguug, f, s demuUiion (Bit. carry* 
mg *way T , not laying bare' an in 
iBfcc Engl tub lemt) 

at/'J brr rtf Lrftjf + f., reduction. jlw/&em- 
/u;#^ h a ntimngterm fonvhich the 

bout EHjuivalctiT attan* to lb* the 

English mining (erm 'reduction', 
an i& lew rtl tKes prepomijnn or 
dressing pf ores by reducing them 
t-n fine pinicUn (fto* the Jiemict*! 
arJiMr of the removal of oxygen) 
II I'ln^uT, in thoroughly dis- 
sutisfkd with this us j (racuriutioti, 
unii prefer 'unrksng up" (which 
hii> Iveen USftl Hi Translate Aufiir- 
imtvng on the one occasion when 
I hi* occuts). 

Aufbmriumg is defined on p. 4, 
It fa practically the kiltie 1 u 
'weathering' and "dfainfcgrBihm 1 * 
But it differs fitma Sveothcring 1 
1 see p. 40) in that mechanical 
reduction may be brought alw>ui 
hychtmiral wtttkrin^, oml from 
pure disinteittaiton in [hat it altera 
crnipoimon v& well a* texture (p. 
4V W. Penck art ms dchbemteji- 
m have choacn on unusual word 
thui it may specsaL 3 v denote die 
way in which fngmvntn of rock 
material are reduced in hesc until 
they are k> smith that they mow 
CoUoctivdy under the force of 
gravity slant (what he calls 'spon¬ 
taneous' movement <p. 64). "fpoo- 
taueouj migration 1 and 4 mass- 
movement 1 fp. 741 
Auffdttunz. t, upMding 
AifftfanKg, i , breaking up (<-r ruaun- 
tain w***) 


mtf$t*ig*nde Hntu-ukhtng, f., waxing 
development (lit mcendiag ) 
f. dofmiEg, arching 

ikmkwaagr^n., reserve* of water 
£frfg&md T rw jfttftuht' it-, a eeEitpsI 
ntountiiiiiLuni.l 
Br*£*iHUpf t ffl., toek^lide 
BtrgsttifX' in, (jfcngmJ term fur) Luid- 
diE.tr, Imidrijp: ( 'ipr critically ) a fait 
lit’ tocfc r d> contrasted with flump¬ 
ing 

Rhxftftld, n M bkjck field 
HWkgipfei m )p tor 
BUxhmm, n,. vc a of rock, block lea 
Bl^ckytTtjfiiy m., bk*ck bircjm, atone 
river 

iifUt hutig. t. . d-jpc, di-j-livit y 

Dk /ffm[ hotter , m. , 11 u tvvuxh gravel 
Drift, f-, ddl (u&ett in a special scEiac r 
«* P Hjl 
Dontidawm, f . 4 

'Eth*n\ r., iterui by j, SMchK 
^fepa on interval ley ridgee 
Eijgenkhtfi**, f.. prupertie* (oTwcki) 

m,. *lope dcvdopeil 
beneath 4 i^vering {.>f water or 
alluvium) 

riffgdctitm (aiUe^> F sunk m i pent- 
plane! 

nta^rrfitftj izim*nk£m t entrenched M 
drainam rs+rt >; burked down info 
r of (Fenndation features); let down 
into h if faulting } 

tinge run fttn {timwnkttl), duwn^uiikjcii; 

entrenched 
mnchrmJen^ incbe 
CTiTtie/ni, deepen, incite 
tnd<igm r mdL^tn^U^ lorigsmting Frrnn 
within) 

EnJrumpf. end-pen c plane (p, 144 s 

Emdmmpfflutht , f Jfc end-pcntplanc 

I pTfidlKed jU rhe end erf a cydf ot 

crotitkn); finul murfyLce of trunca¬ 
tion^ ta+l 
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ffrd/Jrciim, m , firming wj| 

r*ofleni!tii: (ortfpgutkig from 
without) 

.Expulsion. (., expert urt 

Fjpif*&me t r .ptncrilam (p, 153} 
Ffhwnm£tr t n.,ioejt u-uu 
Fih iwirr, m, P ruck-dide 
Febuutrtl. f< f<k:k Wall, clitFj firttijiicc 
/rtfi tftwig <rock>< H. C wfrtld prefer 

’*oM* («u< <iti p. 0. Gmfriigfmig- 

krit ii equated with Kohdtwn (p. 
176) 

Ftachftinu, f,, (finish form 
FontUtt* f., (limit) furrm 
ttitchfitimurn. ikrtiah forms f deli tied 
nn p. 131 1 

Miite(fi>rnfr\ fl* intermediate foiTtis 
(defined un p^ 131) 

utrep form (defined on 

P > 3 /) 

FormimdHtJsr, tu. + wt i wedlb, collec¬ 
tion) ufbutd hm\ form* 

r r „ sl 1 - p 1 - unit | defined no 
p i- b 9 ;i. Thi* term K uned li> J 
K-js^Jl. is prefuruJ 4 hy K-G.ti.1 
to 'farai avjtcm". cnp„ in Ch. VI, 
because ti mftmnianeotiiilv con¬ 
veys the mfbitHtt (xktiiro, wliilaf 
the fpthcr expression due* nnl do 
«r. 

ftfi.dtrmv, m. + fwst-aldpc (a mart ^cn- 
tri I tf-rm than /fatfcrfhith# (hdul 
stupe i„ Cipu which seem* Us- art- 
diikfr borh the hpaal elope and all 
the *Iu pea of d Lminhdum* (tmdimf ) 

Vf.humim [Br*i*FtKg) t bnUitd-ilme:] 
(movement) 

< itkanffi 1 ttuitl K m . « rvr m A tain I„ tdila 
Gaialtvnz, f. - modelLine. u-ulpturinp, 
shupir^, form 

IT 7 ^ifr*i?i Ywfhrrrhunp* f., wk reduction 
(net AufhertHuftj*} 

Grttiimfoiritsif/t-iilmt* f., Miltim nf ihr- 

md$ 

Gnt*mtrhnrtiktrf a m. h duitartemttct 
of rhe niek 

f r/> m 5 rrr.Jfur , f . . 1 . 1 iwl 1 o rr ?, nick 

material ladupianou luJ 
{.TattinwArfaVinttU', ri , chaiBcwr of 
fherock ihi mekeofldMmi),(dr- 
fined on p. tyl 
fpViif, m . jrtfr 

f.. bmad folding 
Cp>fjijjwNW^ r J , broad syndtnc 
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C/rmrsditi^j m M broad pivtiditK 
GTundaiifdrrJrvnj? T f. flcrm liaed by J. 
Sole hi, huveirtent iirnppmp tun- 
coi.riTj+j 1 he ^naent folded or 
crystalling rucks hr math n stran¬ 
ded cover) 

Hnhlf, f, talus; scree ip. O 7 I 

f rp dump i nit move¬ 
ment 

Huldw/mn} r, m, b beal njnpe fihe Icm 
s*[ccp dope found ne ibc foot of 4 
tocb walk usually beneath an ac- 
cumuktion of talus. I on 

PP It is the lop pun nf 

1 be Futf&&ng Hjr frmi-ilopt, wlikh 
include* all the tlopre of dimtn* 
t^hintr firadieml 

Huidmifktkfit m k the Top of the basal 
aSofitf (whvrtr it mceft tW *ieeper 
rock wall) 

nil. sltPpt- 

fiu m r vj Jcf h . tl. i alopc ay a ton 

ni.. n-.iduiLl (nr nviiiniU:m.Lckj 

of ic^istnnt ftjck 

f iachgthtfxs*fUc/ r n. p Alpine relief 

f. H altitudinal fnnu, 
alriiiidifial M^xh-Slintf, jkltiiudinal 
coTi%mattUEn P mrKldliti^ nf the 
height 

Krt hf , I. ! risr]i I v \- di upcd v :j|k*y 

KRppt, 1 kCTA^ I^ruiUle) tor 
A'oju&rnr, f- 4 .xJ 3 CTCflM.-(ll(ltp 
Kah^don, f Hi eohrtcon 
£flrmwn, f,, tormdufi fdefiniti^iti <if 
W Pmcfe ? a nmse <wip, j ia) 
Awrr&iftw f , corrrUtcd 

ttru ni (formed from the prod nets of 
drnMCtatirwi and fo cun-elaud with 
ihu period ai wbidi diti drnuiia- 
non took place, ’ 3 iLroi;^hin 11 ihc 
tniok \V Pffttck UIM.-S The term iit 
this iicnjt S 

ATijppej f, dome, mumlcd mmmil 
kitfip djr, humlnodty 

Infri/r Ztlwnff. f . f dp.: r E^tijkjUJtrb inrie^ 

of iiEsluhjllfv 

Loulrfu/r, f-. cucftn soirp 

Yfrorn. f pi, 1 of (eii Inmdotnl), maf- 
eritl 

,\fmTmh^<Yi tnu m , i . m®i'ttifrvmwnt 
Afcrliiwitfown m. r tainftjT-itTrnfu 

m. h iru^^-tTanap^jrt 
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MtiUfm ertdgmtilgi ffh* transference of 

material 

Afiflef/urm, f.„ intermcdiatt- (relief) 
form 

uiebUdit)^ n, i German } 
Highland* 

Mixtefgi&trgsrefirf, n.„ highland relief 
Mitttirftie/. n., medium relief 
Motor t tfi, K mo* nr I see English-Ger¬ 
man ) 

Mitldr, f n| trough, Jiyu dim? 

Mutdmtaii n. p trough-ihuped valk-y 
Mwr*, f,, wet avalanche of earthy 
material, uarumnff in she Alps 

ObrrhjUt m, „ ttspem true tunc 

thriinumtfiiSiJ^ f , piedmont flat 
PitiimatitttrpfM, f,, pivdmijnt hcivuh- 
lands, piedmont stairway 
PrzTtiftrtumpfi in., primary penepfane 
(denned p. 215 ) 

QutiKh*dthtmm±t , nil, (term used 
hy Albert Heiin) k lluW of squeezed 
mud 

Rt&eftyprn, f, h relief types ip 131) 

IRnfiZcM rfjrrftff, Alpine relief 

Highland 

(relief! forms 

MttUtrehtrJ, medium relief 
Riiiiipfflaihm, petteplune* 

titfilrriirf . iteep relief 
ri*ifhrfti FFoufTp n„, water in tiny 
stream lrts a trickling water 
rfwnffldrr WftticT\ n., streamlets, rivy- 
lets; trickling water (p. 12 JI 
JMpkra, m.. ridge, broad ridge 
Rumpfehe nr, f,, pefrepbuli (note 2*7, 
p 333 J 

f., pi ntpliilie (VY. J J mck 
uses purely to ex- 

prti* Telirfp with no implication 
hi to poy it toi 1 m the cycle of cro- 
non To distinguish it from ihc 
DuvMmi peneplain, which W. 
Penck writes m Pfnrplpin. the 
spelling 'peneplune* ii used) since 
'penrpkoc f R j ' seemed urmccH- 
urily ctumry); surface of trunca¬ 
tion 

t , clumping I Type of land¬ 
slide); landslip iconic rime** to 
avoid verbal repetition) 


Saitft, m, fc anticline 
Schnrff J , divide f wale mhed 1 
Sohauhmnpifmh*', f. t Ascmittit penc- 
plune 

Sihkhiuufmhmd* ji n cueita bndicwpe, 
icarplunds 

Sehfmdt, f. H ridge, sharp ridge, knife* 
edge 

Sckntidttmune, {., *unc of ndges 4 ridge- 
acme 

SehuhJ$$eht, f.* slip plane (for land¬ 
slide) 

St hint, JTinp nibble, demtti*, rndt 

wragf^ debris 

Schuttftieiwn . n„ Ho wing todt Waate 
£., scree 

,11,, at ream 4 >f delrif Llsv 
Sthtittur^iitn to,, nibble ramparts 
Schurlfe fmittrldettEKchrJ,, f, (ctmnt 
Ciermml rise 

f r . jc.Uftuction 

StmmMatt* m.. rock-fall \m\ a mi mil 
scale! 

Stozkxverkk* mi it faift „ f, storeyed lurid- 
^cape 

$tr*iehen 9 m.* strike, trend 
Stmteur, f v (petrj texture, (carlh T * 
crust) structure 
Stufr F , arc p, scarp 

Tagrwkfrjhuhtt f r+ visible surface (of 
mck) 

TnlSthu , T, distance apart of the upper 
ed#« of ^ valley, measured at 
right fttiglea to it^ trend 
Trxtur, f. (p^tr, i. structure 
fragtaJ' n,„ uouuh valley 

Umprdf*ifng, f h recoruff^ltton (of mat, 
in the mhuiut^ure^ 

L^iffrAia, m. r ^ubatructure 

f "rr/jffficf, frock) fabric 

KYtrii 1 (for F^&Kvnrd), mck wall, cliff. 
rock facr B precipice 

BrrRfiind' fi , central moun¬ 
tain land 

zerfatten, dkint^ra 1 c 

m> t rtsidiml 

Z 4 tngmb#£krn< n. r temnnaJ basin {of q 

glacier) 



ENGLES! I-GERMAN (J LOSSAKY 

fu£ wmc of the words lived in iiGmiLlmg \V. henck'i 
iturphuhwttd Amityti i Ldinfi AW «ii I 


A!pint' relief. HwhgrkTgifettrfi n. Iji* 

I 3 1 Ip. ±j®> 
altitudinal form, llI [ itu d mia] irtikltllin^, 
flGhmgtitiMhungi f. 
on behind, tmliMnui 
anucline. Saftei, rn 
iindting, Auftotilfmttx, f, 
arete. rti. 

t-iibiiS a I opt-. i/uAJfWiUFri;, fn. (defined 
on pp 93, 1351 The Irss steep 
tJupL found nt the buttom of u, 
■steep rock face, usually covert id 
by an accumulation of uIuy 
basemen ( stripping, (V rtj 
f (ttce Word} 

block held. BloctytM, n. 
hliH'k sea, M;f^rFW 4 T, rE 
block stream Bfucktfrum. m, 
hmmd-down {movement), gvhundfm 
i Bavtzungh f. 

breaking 1 tp fctf pKumiuin masses) L 
Autl&mttgi f. 

broMti ,irjEit.]i!ts . €jtbUSaU*L m. 
bnKid folding, (inmfalfitm;, 1 
broad lyndinti* (irmaatfde. f. 

cttnxul nti atmiai nlarii. 9 » x^nma/rf ih*ir- 
hind, n 

chancier ipf the rock. GatmaOtrMlt* 
fi. (defined on p. tp), (As 
‘rock conditions' i* rmr .i nonrinl 
hiigljsh expire*?]uo for id! that in 
included in rhsa term, ‘character 
lias Wen used wherever it »jct r ur*, 
as h Living it wider implication 

thiir, "mUurt Ilf the rock', which is 

used throughout for GV^fiB^c- 

n - A r 1/ Icnr/r-T T / > 

chuEKSto 1 1 Ut lCS nf the ntuli, ( 7 r itrim- 
irhfrrakttr, m. 
difl , li pfiid, Ftht-w »d, I 
cohi^inn, KrjAafJiHti f 
coherence, AWtmrits. F 
common, Karra mm, f 
cnnxlawd itmtii., fatfrrkll* Sihu-ht™, 

I (u&cd by W. Penck tii denote 


bed* correlated in time with the 
ikmud*tJ0n which hu* produced 
the i iulLrial for tin 1 tin 
ir^, Ktippr, f. 

cues tit liifidi^Liipc. iSVATVAfj/jj/i nltuiiJ. n. 
tuvftiu scarp, f*ondf frj/?, f 

debris., AVW;, m 

ddII (in Ihc api.-t.igl *eflie of ■ depTea- 
lion up-valley from the source ut 
A atmim ?, tMltr n (. 
dcTiLululiun, f , 

f, I F^rapufqf} lit. mentis 'curry mg 
jiV4ty\ whilst D&tudatian mwm 
laying barO 
detritus, S chut ft m. 

diminishing gradient ^inpe of), ^A- 

tfarfnt*ig*hang } I 

liliitltreffltt, trrfalfrn 
divide fwatershi Jfp AVAn^r, f. 
demke (-shaped inuuntuiuh Dom, m., 
Kupp* r f. 

dunuiiK„ Aufr. rtihmi;. t 
doivsmmkcn. fmg^iwnAen 

rod r igcm-tjcp eiidfir^j?n 
Plitl-pemrpliifit'. Endrum p jjlfah r , f , 

iTil^JUfn//, m. 

cnrrtfichcd, tmgctrnhl Srnrely unfit 1 * 
mnhen) 

cM’gvndtic. txfigfn 

ex|K«vurv. Exposition^ f 

fabric (of rock), I rrhumi. m 
fault IhJLigh T (Jt<tb*:n r n. 
flattening, Abfiat^tvng, ( 
flrtrtfsh fur™. FkuJifyrmcn. f. 
flow trsg jock \%s*tc Jit* render Schxit f m r 
foof'stPpCi /MkWp m. (imutcAtly 
lrurlyihnp both batul ^lopt Etnd 
t hr slope* of dimitirthing grtuli- 

ilLU 

fn mi . f t tuialli’t li -itii rv than i 

f intuit, l ., OmtdttuHfi, f- 
itecp Fomin, f 

intermediate form*, f. 

fill fish lorn lit. ■FArfA/yrmeji, f- 
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tfipidifui* t ripftffliiF , f, i i n i j^i njrj 1 gur- 
fate Eoue&ing ACCOrdunE 

htgMund relief, 

j I ighkndsi ( ( Soman ), A fittdgMrgr 
idcuucheh fi, 
hummocky, Jw/i/hV 

mctae, Aittrfrrii’itfrtr., sometime* n>f- 
fr>/lp 7 i 

ifltubillty, zone* of. Vjljj/r 1 f. 

in termini bite (relief) farms, Afitirf- 
/ornttm, f- 

Lnirt-tditi-i {ridHe*), £r/jnvfifcFr, f 

lluul fnrrn t Litndfvrm . | i rarely used li 
iiiml form of, health of) k J^eri«rtt- 

If Juir&. in, 

kml'didr, Un chirp, ifrrgu^ i, m. 

tn.^-nniveiiirnE, f. 

mass -stfciLixi. Xl<mrmtram, m 
m^^bmxipflrt. Mrttsttrtcmxport, m 
miUvrutL (nfttn uae d to tnuaUte) 
A/olfi'w. £. pi. 

medi inn relief, Mitttlrdu t\ t: 
mnddhm: of ibe hciuhi. llfihenwfM- 
tiME* L 

mndllidnpck I at specially nenistwH 

ratio, HfiTtfitif. Hi, 

mijMir, iMoiot {npsiiJuuJ mountain, 
n.-imed after Miwr Mis in 
matifl) 

mountjunlund, ci-niml, semra/fj fler^ 
land, n* 

nfltuTr nf the rock* Gtutim&ttcihiffm- 
tmi, £ 

OUI w Mh (fnavt 1 1 1 i^ckmichotUr , m. 

peneplain, (reserved for ^ peruptah r. f.. 

t i U Penck equates 
thu* whh llii tnd*pcft£pl*nt\ 
fintfyumpfiiikht: nithcuiifV ** C- 
A- Cmton point* out (Loid . 
p. note i H m cd 1941) DuvU' 
peneplain Cfl * penultimate ttccuflS 
form, not * theoretical final <m c ? 
pcni-plane, <here uwd for coin enicncc* 
to tmntkte) Numpjjl&hr, L m (iu 
drirlntfumb it from the Haviaian 
icttti "pvneplftin*) 
piedmont brnchlnmis 


piedmont Hm. PitihtiQntfiiifht* f 
piedmont unirway, r 

precipice, F*hl€atrti t f (nxiuiiiailly 

frarubitU ihlin) 

primary ptnc plane-, f^iimrruinp/, m r 
pfoptj-tira (of a irt>ekj h E<xtntchaftoit t f. 

reconsmimon (of ruck, in the iub- 
* Hurt lire}, l}mpr#tfun# t f. 
reduction (nf HJ, kL .dii/ravuriMj,’. f. 
1 hdhied p. ^ (mcc nnie on ihe 
German wnzd 1 

ttljcF tfpCB, Hi'hefryjTtrt, f. fset p. [ ’ I y 

teiief F ^uurWfr/^ p, 
mrdiEisii rtjief, Miutlrduf, i; r 
pemjplmfc^ ^tiwp^^Arrr f. 

w*crvta of water, L'tl5S£f t ft. 

residual (mi uncain r F ZnigmhtT% t ni 
tesidiml of npttitiUy rowntant rntk + 
nu 

ridut-ibroiuj]. Rurkm, tit 
ridgr (ahirp), Sthmidt* f. 
ttdgc mn, ^f/jElrfifrjir^/wrf, f. 
r ift vn Llcry ? f/VflApjf L cn, 

Hist (Ltniral Cicrmun), SifmrlU (mil- 
kideutsche), f. 
rivulets, Tinrin'miri IfWffT, fl 
Ii>ek fiU.r. (ftamcdmo uwd trails. 
EuleS f. 

rueL-fiill, StfWiMtft in i utinllh 
ifure + m. [eonsiduru b!e iie^) 
rock gtaEier, f rpck jrl&ttrr* 
rock fnnterinl (uilitptatiati of frsmis, to), 
frfitrhitmttur. f, (Artpatmng */m) 
rtx:k 4 cji + ini .--f 1it>ck p block 

wrr F n.; occflkioMlIy Ff/fmmiwr, 
fi. 

rodt-slide, HtrgCfWipf. in. + ^Wlr^ure. 
m* 

mk stream, rofAilr^jpu 1 
rock rtdl. Ftimvnd, f 
rock mte + Sdliiff, m. 

tmimU d *u rnrnir, Kuppi i 
rnlihh r Sriwit, m. 
ruhHr ramparts , X<tiuitirdl{t r m. 
rumlna^ 4 icf f iPoxHTp n 

5 '«usri beds, &fEtoW£A»Affff f f (Koi^c 
Of .-JfflwjjjjiUei: 

^ Sfn/e, f. 

flcarplamb* Stlndutitfonfandi n. 

£, (rardy) ;jj/dt p f. 

SiLQ|fHAS + (rV /w'mYiiJtLr t / , m 

%vl fdnni, Ftwwrfltd!M/l* t m. 

sharply miLtied V-ihnped yaLElv, Kerb- 
tm t o,, Ktrbt ¥ f. 
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llopc. . !Aj£/f/jUftfc\ f , ttftfkunx. f, t 
flattg, tn 

baud ilope, Hrtidrttknn% h m 
dope Jcii'tijpcd beneath a covering fof 
water or jiQuviuin) t ErWrfr&wngs- 
kua$ t tti- 

slopt q| iliM 3 liuH hcut; Ktmlimtt, .-fAjfa- 

m, 

slope syttem, n 

slope unitp FoSTK*$tflfHf* n. (defined on 
p. 1 J9. "Slope unit*. when used in 
hin p&£ 4 gt*, tit once conveys 
the mental jtnjuje m a *»ay that 
ihr Hntflinh Tomt <lrm 

not) 

h lumping, JtaitKifim,?, f, 
toUBucSton* AV(tfk 4 rnWt, i 

fptintincoU* < mi njali nn^ i/wnlurif’ (_-Ifc- 
waiufirru^g, f >. tdefuied on p. 64) 
*q unwed-mud flow#, £?« t- r tichichlam?n- 
ttrtime* m 

sTepa dfi interval!* y t 

0 . Sok'h 1 * nomriidutaie) 

Sfotir river, m (Jftrtn- 

.fir/Imr- w title tA l mult.. n, 1501 
Airvuinh' rjmrnufrj: ttVjiuv, n. 
storeyed Jand&capc, ^WJftcfrAiuijJ- 

fcAo// fc r. 

■tnrng imck>,/p3K r 
structure fpettj, Tirttur, f. 


substructure, C/nfirtan#, m- 
stimmir ptnrplaner, ScfmUfrtiwpf* 

sunk tn (it pcn£plutiel,, ri^WiUEW 
■uperaTructurc, Qfarbau, m 
-tyndinr, \fu!dr, i, 

»ynclin*|. ty nhiimll 

lain*. t., <JcMnizf!irhiAtl> rm 

tcrmmal basin (of fikcier)* ^ujt^tpi- 
5 ufrA»tf, n, 

(ratine f peir. L 57™ A/nr, t 
IDp nf haAsd nkipe, ///j/tlTJTU>j^TW, fn, 
tor, BfockgipJtl t m ap (Gnuiti}, f 

rnt-khiitf wafer, fn-if/rr^s n ■ 

rimurntkt TFajnr \ p. 123 ) 
trmitfh, AftrAfr r f. 

trou^h-fALtltcd namre+OVtamump, f. 
trough^lmped vilky, Mufofriifca/, ti 
trough valley, Trento/, n- 
Tfiimjuon, surface of, f. 

viable lurfiice fof rock), Ttigtiofirr- 
flvicht „ f 

v-flUinfi dev^lnptiMtp piAs tri^rwifr A’n/- 
mMuhg* r (lit. descend 
waxing development, fwfstxigarrfe /■’«/- 
ir nii-J^ce-ndim’} 
ivsMihcriujr, f, 
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